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"The contem plation  o f  th ose th in g s  which are normal i s  p h ysio logy  , 
and i t  i s  the f i r s t  th in g  to  be learned  by m edical men. For th at which  
i s  normal i s  r ig h t and serv es  as a c r i t e r io n  fo r  both i t s e l f  and the  
abnormal***
W illiam  Harvey, the f i r s t  o f two essa y s to  
R io la n , 1649* (T ran sla tion  by K. J . F ra n k lin ).
'departures from the norm al', as Harvey en v isaged .
Perhaps i t  was w ith  t h is  in  v iew  th a t the M edical Research  
C ouncil decided  to  in i t i a t e  in  1951 k^® f i r s t  F ellow sh ip s in  C lin ic a l  
R esearch. This was intended to  provide a corps o f  people ab le  to  take 
care o f p a tie n ts  in  irreproachab le manner, y et a ls o  p rosecu tin g  a 
se r io u s  s c i e n t i f i c  study of d is e a s e . The author was fo rtu n a te  to  he 
sponsored fo r  one o f th ese  fe llo w sh ip s  by P ro fesso r  C. F .  W. I l l i n g -  
jworth, Regius P ro fesso r  o f Surgery in  the U n iv ers ity  o f Glasgow, and 
to  be e le c te d  by the C lin ic a l  Research Board o f the m edical Research  
C ouncil. By perm ission  o f S ir  Charles H arington, the D irec to r  o f the  
N ation a l I n s t i tu te  fo r  Medical R esearch, he jo in ed  the s t a f f  o f the  
D iv is io n  o f P hysiology and Pharmacology under Dr. W. F eld berg , F .R .S . 
to  study g a s tr o in te s t in a l  p h y sio lo g y , m ostly in  r e la t io n sh ip  to  the  
hormones and " active  substances"  in  the a lim entary t r a c t .  This work 
was la t e r  continued in  the U n iv ers ity  Department of Surgery a t the  
Western Infirm ary, Glasgow, p a r tly  w hile h o ld in g  a grant from the  
Department o f Health fo r  S cotland  and a ls o  during the tenure o f a 
U n iv ers ity  L ectureship  in  Surgery, a t which sta g e  the author renewed 
h is  su r g ic a l ap p ren ticesh ip !
One o f the outstanding problems a f f l i c t i n g  the most resp o n sib le  
c i t iz e n s  o f Western c i v i l i s a t i o n  to-day i s  th a t o f  p ep tic  u lc e r a t io n .  
I t  seemed appropriate th a t a su r g ic a l a sp ir a n t, turn ing a s id e  fo r  
such /
such a tr a in in g  from surgery fo r  two or th ree  y e a r s , should study  
the background to  t h is  d is e a s e . S in ce  i t  i s  so  c lo s e ly  r e la te d  to  
the a c id  secre to r y  p rocess in  the stomach, and s in c e  so much work has 
alread y  been done on the neural a sp ec ts  o f  g a s t r ic  s e c r e t io n , an 
in v e s t ig a t io n  was begun o f  the hormones or chem ical fa c to r s  found in  
g a s tr ic  t i s s u e  which might be o f  importance in  the co n tr o l o f  th e  
a c id  secre to r y  mechanism.
The T h esis i t s e l f  c o n s is t s  o f  work done from 1951 onwards and 
i s  composed o f  f iv e  main P a r ts , namely an In tod u ction  and Review o f  
work done in  th is  f i e l d ,  fo llow ed  by o r ig in a l  work on h ista m in e , 
5-hydroxytryptam ine, substance P and g a s tr in . Each chapter in  each  
P art o f  th e  T h esis  i s  co n stru cted  round an in tro d u ctio n , th e  methods 
u sed , th e  r e s u lt s  and a d is c u s s io n , w h ile  P arts  2 and 3 ( c o n s is t in g  
o f  s ix  chapters each) a ls o  have a general in tro d u ctio n  and a 
comprehensive d isc u ss io n . While much o f  the experim ental work has 
been done e x c lu s iv e ly  in  th e lab oratory , in  se v e r a l chapters human 
t is s u e  or  spontaneous p a th o lo g ic a l p ro cesse s  have been examined and 
the r e s u lt s  r e la te d  to  the human ca se .
The T h esis concludes with a Summary o f  th e  experim ental work 
recounted in  each Volume, w ith  an Appendix on v ariou s s p e c ia l  methods 
used, and a B ib liography. In  an acknowledgements s e c t io n  the author  
extends h is  thanks to  numerous in d iv id u a ls  fo r  th e ir  help  and co­
op eration  during the performance o f  th is  work.
f l . N . S .
. AfflKGK,
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INTRODUCTION.
I t  was an ev o lu tio n a r y  s te p  forward fo r  the organism to  be 
in  p o ssess io n  o f a stom ach, fr e e in g  i t s e l f  from a continuous search  
fo r  fo o d . In p r im itiv e  f i s h e s  such as C yclostom es, the d ig e s t iv e  
tr a c t  i s  tu b e - lik e  and i s  l in e d  w ith  c i l i a t e d  ep ith e liu m , but S e la c h -  
tian s p o sse ss  a w e ll  developed stomach w ith  th ree d iv i s io n s ,  fundus 
corpus, and p y loru s. At f i r s t  the p r im itiv e  stomach f u l f i l l e d  the  
p a ssiv e  r o le  o f  r e c e p ta o le , but to  t h is  was la t e r  added pu lp ing  
a c t iv i t y .  As an a id  to  t h is  m echanical a c t iv i t y  came se c r e t io n  o f  
ju ic e  which formed a chyme, r e a d ily  passed  from the pylorus to  the  
duodenum; p r im itiv e  g a s tr ic  ju ic e  had q u a l i t i e s  p r o te c t iv e  to  the  
organism in  a sim ple form as an a lk a lin e  mucoid s e c r e t io n .  The 
secre to r y  t is s u e s  la t e r  developed towards an organ o f  m u ltip le  
fu n ctio n s producing hydroch loric  a c id  in  a ju ic e  r ic h  in  enzym es, 
mucus, s a l t s  and the fa c to r  n ecessary  fo r  the f u l l  m aturation o f  the  
red c e l l s .
In the f u l ly  developed se c r e to r y  mucosa o f  the stomach the main 
recogn isab le  c e l l  types are the su rface  e p i t h e l ia l  c e l l s ,  the c e l l s  
o f the neck o f  the tubular glands ( o f  mucoid s e c r e t io n ) ,  p a r ie ta l  c e l l s  
( fo r  se c r e tio n  o f  hydroch loric a c id ) and p ep tic  c e l l s  ( fo r  s e c r e t io n  
of p ep s in ). As they d ischarge d if f e r e n t  s e c r e tio n s  the com position  
o f g a s tr ic  ju ic e  w i l l  c o n tin u a lly  vary; t h i s /
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t h is  i s  r e a d ily  f a c i l i t a t e d  hy the c o n tr o l o f  c e l lu la r  a c t iv i t y  
through sep arate mechanisms*
F ollow in g  the work o f  Pavlov (1 9 1 0 ), i t  i s  b e lie v e d  th a t th ere  
are two main forms o f  c o n tr o l o f  s e c r e to r y  a c t iv i t y  in  the stom ach, 
one d esign ated  the n eu ra l mechanism and the o th er  the humoral. The 
vagus nerve i s  the secretom otor nerve e x c it in g  se c r e t io n  o f  a c id  ; 
pepsin  and mucus* The ch aracters o f  v a g a l j u ic e ,  e l i c i t e d  by a c t iv i t y  
of n u c le i  in  the hypothalam us, are w e l l  recognised* Less fir m ly  
e s ta b lish e d  i s  the ro le  o f the sym pathetic in n ervation  of the stomach 
which Baxter (1932) b e lie v e d  to  be an in h ib ito r y  in flu en ce  on g a s tr ic  
s e c r e t io n . Babkin ( 1946) ,  on the o th er hand, found th a t th ese  f ib r e s  
were sy n e r g is ts  enhancing the e f f e c t  o f o th er agents provoking g a s tr ic  
secre tio n *
The second phase o f g a s tr ic  s e c r e t io n  i s  g e n e r a lly  thought to  be 
c o n tr o lle d  by hormones. This h as, however, not always been accep ted , 
as i t  was a t  one tim e held  th a t products o f  d ig e s t io n ,  or m o d ifica tio n  
o f  such products a f t e r  in te r a c t io n  w ith  the c e l l s  o f  the d ig e s t iv e  
t r a c t ,  might be resp o n sib le  fo r  t h is  phase o f se c r e to r y  a c t i v i t y .  I f  
there i s  indeed a true hormonal mechanism, a comparison between the  
g a s tr ic  e x c ita to r y  hormone and the c h a r a c te r is t ic s  o f  o th er accepted  
hormones should be o f some in t e r e s t .
The term "hormone" was f i r s t  introduced  by S ta r lin g  in  1905 
w ith  reference to  s e c r e t in ,  a blood borne substance lib e r a te d  from /
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from the duodenal mucosa. In 1914 the same author d e fin ed  a hormone 
as "any substance norm ally produced in  the c e l l s  o f  some part o f  the  
body and ca rr ied  by the bloodstream  to  d is ta n t  p a r ts , which i t  a f f e c t s  
fo r  the good o f the body as a whole*1. O bjections w ere, however, r a ise d  
to  the word *hormone* ( l i t e r a l l y  meaning to  e x c i t e  or s e t  in  m otion ), 
and a fu r th er  part o f the term inology su ggested  by Sharpey-Schafer was 
to  subd iv ide the e x c i t in g  and in h ib it in g  humors in to  hormones and 
ch a lo n es. Current usage d id  not sa n ctio n  the use o f  th ese  s u b s t itu te  
term s, and the term hormone has been re ta in ed  fo r  both e x c ita to r y  and 
in h ib ito r y  m a te r ia ls . The fe a tu r e s  o f  the accepted  hormones may be 
summarised as f o l l o w s i -
1) They are s p e c ia l  chem ical compounds which are produced 
by r e s t r ic t e d  areas o f the organism, and which d if fu s e  
or are transported  fo r  v a r ia b le  d is ta n c e s  m odifying  
t is s u e s  to  accom plish co -o rd in a tio n  fo r  the organism .
2) They are u s u a l ly . e f f e c t iv e  in  sm all q u a n t it ie s .
3) Though they are g en era lly  transported  fo r  v a r ia b le  
d is ta n ces  to  modify t is s u e s  remote from t h e ir  p lace  o f  
o r ig in , they may modify the organs producing them.
This i s  p a r t ic u la r ly  true o f  the adrenal g lan d , the  
co rte x  o f which may in d ir e c t ly  be a f fe c te d  by the 
s e c r e tio n  o f the m edulla, by a c tio n  o f the medullary 
se c r e tio n  through the interm ediary o f the a n te r io r  
p itu ita r y .  ? /h ile most hormones a c t on t i s s u e s  remote 
from th e ir  p la ce  o f o r ig in , i t  would seem th a t the 
hormones o f  the alim entary tr a c t  can a c t on the very  
t is s u e s  producing them; in  p a r tic u la r  th is  might be 
true o f a g a s tr ic  hormone, which in  i t s  pure s ta te  
might a c t  on the organ producing i t .  In t h is  the  
g a s tr ic  hormone, g a s tr in , would be unique.
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I t  raust 1)6 acknowledged, th a t the hormones o f  the a lim entary  
t r a c t  are as a group d if f e r e n t  from the hormones o f  the d u c t le s s  
glands* While most o f the endocrine glands are a c t iv a te d  by 
s te r o id  hormones, as fa r  as i s  known the exo-endocrine glands o f  
the a lim entary tr a c t  are a c t iv a te d  by p r o te in s ,  p ro te in  fr a c t io n s  
or d e r iv a tiv e s  o f  amino a c id s .
They a ls o  d i f f e r  in  th a t they are not r e a d ily  s tu d ied  by the  
techniques u su a lly  used fo r  the in v e s t ig a t io n  o f  endocrine fu n c t io n .
In g e n e r a l, such techn iques as s u r g ic a l e x t ir p a t io n , replacem ent 
therapy , a d d it iv e  experim ents, and the study o f  n a tu ra l and 
a r t i f i c i a l l y  induced d e fe c ts  o f  g landu lar fu n c tio n , have not been  
f r u i t f u l  in  the f i e l d  o f hormones o f the alim entary t r a c t .  Chemical 
ex tr a c tio n  y ie ld s  some s u c c e s s e s ,  but such preparations are d i f f i c u l t  
to  sta n d a rd ise , n e v e r th e le s s  chem ical e x tr a c tio n  has y ie ld e d  n otab le  
r e s u lt s ;  but such e x tr a c tio n  i s  te d io u s , may be t e c h n ic a l ly  d i f f i c u l t  
and i s  exp en sive .
However, there i s  another great o b s ta c le  p resen t a f t e r  e x tr a c tio n  
o f such humoral a g en ts , a p i t f a l l  con fron tin g  workers in  th is  f i e l d ;  
the humoral agent so  obtained  by e x tr a c tio n  might w e ll  be any s e c r e t — 
sagogue, im plying a substance presen t in  food or produced by food  
d ig e s t io n . I t  might e x c it e  d ig e s t iv e  judges l o c a l ly ,  or a f t e r  
absorption in to  the blood or lymph and might do so  by cau sin g , 
in d ir e c t ly ,  the form ation o f a hormone or- i t s  r e le a se  in  the body.
A nother/
Another d i f f i c u l t y  in  the in te r p r e ta t io n  o f  r e s u lt s  w ith  
chem ical ex tra c ted  humoral agents l i e s  in  the v a r ia b i l i t y  o f  the 
resp on sive  c e l l s  th em se lv es . The ta r g e t  organs o f  the a lim en tary  
tr a c t  -  m uscles (tu n ic a  m uscularis and m uscularis mucosae) and 
gland c e l l s  may be in h ib ite d  by t i s s u e  e x tr a c t s ,  so  th a t though 
a p o s s ib le  hormonal agent may be p resen t i t s  s e c r e to r y  e f f e c t  may 
be masked when te s te d  fo r  a c t iv i t y .
Grossman (1950) p o in ts  out th a t the g a s t r o - in t e s t in a l  hormones 
are not in d isp en sab le  to  l i f e .  T heir p la ce  in  the body economy i s  
not h ig h , as has been deduced from the fa c t  th a t no d ise a se  has y e t  
been a sso c ia te d  w ith  over or under production o f a given hormone.
They share in  the reg u la tio n  o f  d ig e s t iv e  fu n ction  w ith  in t r in s ic  
or e x tr in s ic  n erv es , w ith  which they  may a c t in  synergism  or  
antagonism . In c e r ta in  organs the chem ical c o n tr o l o f s e c r e tio n  by 
hormones would appear to  be alm ost as grea t as the neurogen ic; such  
would appear to  be the case  fo r  the stomach and pancreas, 'dius provid ing  
a b r isk  se c r e tio n  o f d ig e s t iv e  ju ic e s  fo r  the d r a s t ic  a lt e r a t io n  o f  
fo o d s tu f f s .
i  a;X l j  ' : * v :  . ; - ^  :
CHAPTER TWO.
A review  o f the p ro p er tie s  o f  lo c a l  and gen era l 
hormones which have heen ex tra c te d  from g a s tr ic  
t i s s u e .
- ~.-. v '^ ls^V r;- :"'■
p* -£fev-^  - - ,  _  -
5 1. - -  r t f ;
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CHAPTER TWO.
The mechanism o f  a c id  g a s tr ic  s e c r e t io n  has heen d escr ib ed  in  
Chapter One. Less i s  known o f  the r o le  o f  chem ical m ediators o f  t h is  
mechanism. Many p h arm acologically  a c t iv e  su bstan ces ex tr a c te d  from 
the g a s t r ic  w a ll may be im portant in  th e se c r e to r y  or motor fu n c tio n s  
o f the stom ach.
These substances may, fo r  d e s c r ip t iv e  purposes, be d iv id ed  in to  
two groups.
i )  Local hormones -  im plying su bstan ces pharmacodynamically 
a c t iv e  on form ation or r e le a se  in  the t i s s u e s ,  and a c t in g  in t im a te ly  
on th e ir  g landular s tr u c tu r e s ,  smooth m uscle or b lood  v e s s e l s .
i i )  General hormones -  im plying substances which c ir c u la te  and 
a f f e c t  the fu n ction  o f d is ta n t  organs.
The main fea tu res  o f  the p ro p ertie s  or hormones o f  the a lim entary
tr a c t  have been l i s t e d  when d isc u ss in g  the humoral phase o f  g a s tr ic
se c r e tio n  in  Chapter Che, but a fu r th er  d e f in it io n  o f  " lo ca l hormones"
seems n ecessa ry . Feldberg d is c u s se s  the f i r s t  h is t o r ic a l  usage o f
th is  term in  Gaddum's t e x t  book, "Polypeptides which s tim u la te  p la in
muscle" (1955)* He recounts how S ir  Henry Dale had given "A Survey
Of Present Knowledge Of The Chemical R egulation  Of C ertain  Functions
By N atural C on stitu en ts Of The T issu es"  in  h is  Dohme Lectures o f  1933*
Gaddum la t e r  described  v ariou s substan ces which might a c t  as •g w eb esto ffe*
in  h is  book "G efasserw eiterade S to f fe  Der Gwebe" (1 9 3 6 )f th ese  substances  
w ere/
-  7 -
were h istam in e , a c e ty lc h o lin e ,  a d en osin e , k a l l ik r e in ,  v a s o d ila to r s  
from b lo o d , in t e s t in e  and b ra in , in c lu d in g  E u ler and Gaddum's 
Substance P.
Gaddum (1 9 5 0 ), d is c u s s in g  the a c tio n  o f lo c a l  hormones a t  a 
Symposium on th is  to p ic  a t  the Royal S o c ie ty , in d ic a te d  the problem  
o f whether to  in c lu d e a c e ty lc h o lin e  which i s  a known m ediator o f  
nerve e f f e c t s .  Bum (1950) i n "the same Symposium d id  not co n sid er  
a c e ty lc h o lin e  as a lo c a l  hormone; y e t  Bum and co-w orkers have 
shewn th a t in  c e r ta in  t is s u e s  as the a u r ic le s  o f  the h eart and 
c i l i a  o f lower organism s, a c e ty lc h o lin e  may be resp o n sib le  fo r  
co n tra c tio n s  through lo c a l  form ation in  the t i s s u e s ,  q u ite  apart 
from c h o lin e r g ic  nerve tra n sm issio n .
In view  o f the lack  o f evidence fo r  a lo c a l  ro le  o f a c e ty lc h o lin e  
in  the stomach, i t  has been om itted  from the lo c a l  hormones in v e s t ig a te d  
or d iscu ssed  in  th is  t h e s i s .
The lo c a l and gen era l hormones d is tr ib u te d  in  the stomach w a ll
a r e :
i )  lo c a l hormones -  h istam in e, 5~^&ro^ ^ ]|TP'ka'mi 21©* and 
Substance P.
i i )  general hormones -  g a s tr in , (e x tr a c ts  have been made from  
the stomach con ta in in g  vary ing  amounts o f en tero g a stro n e , 
s e c r e t in ,  c h o le c y sto k in in , v i l l i  k in in , and e n te r o c r in in ,  
but a l l  are in t e s t in a l  ra th er than g a s tr ic  hormones).
H istam ine/
Histam ine i s  a substance which has been a ssig n ed  to  both groups, 
e i th e r  as a lo c a l  hormone a c t iv a t in g  the g landu lar c e l l s  o f  the  
stomach a f t e r  r e s t r ic t e d  r e le a s e ,  or as a gen era l hormone s im ila r  to  
g a s tr in . This anomaly w i l l  be d iscu sse d  below .
LOCAL HORMONES.
HISTAMINE.
H istam ine has been is o la t e d  ch em ica lly  from g a s tr ic  and 
in t e s t in a l  mucosa o f va r io u s s p e c ie s  (Barger and D a le , 1911) under 
co n d itio n s which exclude the p o s s i b i l i t y  o f  b a c te r ia l  o r ig in  or the  
form ation from p u tr ifa c t iv e  changes during the e x tr a c t io n , (Gerard, 
1922| S ack s, Iv y , B u rgess, Vandolah, 1932 ). The amounts o f h istam ine  
assayed by b io lo g ic a l  methods were 7-8  ug/G fr e sh  t is s u e  fo r  the  
sm all in t e s t in e  (w ithout mucosa) o f the horse (Gaddum and S c h ild ,  
1934-35)* 35 ug fo r  the dog sm all in t e s t in e ,  a ls o  w ithout nrucosa 
(Gaddum, 1936). The presence o f h istam ine in  the w a ll o f  the  
oesophagus, stomach, large in te s t in e  may be in ferr ed  from S ch ild * s  
f in d in g s  o f r e le a se  in  the an tigen -an tib od y  rea c tio n  o f  an ap h ylax is , 
but no f ig u r e s  are a v a ila b le .  On the o th er hand the h istam ine o f  the  
g a s tr ic  mucosa has been determined in  human b e in g s , c a ts  and dogs 
(Gavin, McHenry and Watson, 1933: Code, Trach, and Wangensteen, 1944$ 
Emmelin and K ahlson, 1944) .
The v a lu es  fo r  dogs were much h igh er than those fo r  e a ts  and 
human beings and in  a l l  three sp e c ie s  the h istam ine in  fundus i s  tw ic e /
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tw ioe th a t in  p y lo r ic  and c e n tr a l reg io n . This has been taken as  
evidence o f  h igh er h istam ine con ten t o f  oxyn tic  c e l l s .  The v a lu es  
in  ug h istam ine per G mucosa were as fo llo w s  x-
Bog fundus -  48-180 ( a v .8o)x p y lo r ic  reg ion  24-80 ( a v .4 2 ) .
Cat fundus -  5-34 ( a v . l 6) i  p y lo r ic  reg ion  4 -16  (a v . 9 ) .
Human b ein gs'
fundus -  4 -24  (a v .lO )x  a n tr a l region  3-13 (a v . 6) .
Gavin e t  a l .  a ls o  showed th a t the m uscularis propria  con ta in ed  
l e s s  h istam ine than the mucosa which co n ta in s  80% o f  th e h istam ine  
o f the stomach w a l l .  Histam ine appears a ls o  in  the g a s tr ic  ju ic e  
and i s  thought to  be derived  from mucosal h istam ine ( f o r  re feren ce  
see  Babkin, 1950).
P ou g las, F eld berg , Paton and Schaohter (1951) bave examined the 
histam ine con ten t o f  the d if f e r e n t  la y e rs  o f  the w a ll o f  the g a s tr o ­
in t e s t in a l  tr a c t  o f  the dog w ith  the fo llo w in g  r e s u l t s x -
The w a ll o f  the oesophagus contained  l i t t l e  h istam in e; the  
fundus and corpus o f  the stomach w a ll were r ic h  in  h istam ine and 
contained  about tw ice as much as the p y lo r ic  reg io n . The 
in t e s t in e  was a ls o  r ic h  in  h istam ine but the v a lu e s  decreased  
grad u ally  from duodenum to  rectum. In a l l  reg io n s  the g rea ter  
part o f the h istam ine o r ig in a ted  from the mucosa but the  
submucosa contained  r e la t iv e ly  h igh  h istam ine v a lu e s ,  whereas 
th ose fo r  the m uscularis externa were lower than th ose fo r  
any o th er  la y e r .
Feldberg and H arris (1953) have made th in  h o r iz o n ta l s l i c e s  o f  
the g a s tr ic  mucosa and examined them fo r  h istam in e. In t h is  way they  
could  b u ild  up h istam ine p r o f i le s  and c o r r e la te  them w ith  h is t o lo g ic a l  
s tr u c tu r e s .
S in c e /
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S in ce  h istam ine adm in istered  subcutaneous ly  or in tra v en o u sly  has 
long been known as one o f  the most a c t iv e  su bstan ces s t im u la tin g  a c id  
g a s tr ic  s e c r e t io n , many workers have t r ie d  to  e s t a b l is h  whether i t s  
r o le  i s  th a t o f  a true p h y s io lo g ic a l stim u lan t serv in g  a c id  se c r e to r y  
fu n c tio n .
The fa c t s  su g g estin g  a p h y s io lo g ic a l r e la t io n s h ip  are as fo llo w s
(1 ) Histam ine s t im u la te s  a c id  g a s tr ic  s e c r e t io n .
Histamine was d iscovered  by P o p ie lsk i in  1920 to  s tim u la te  a c id  
g a s tr ic  s e c r e t io n  in  the stomach o f d ogs, and th is  was confirm ed in  
1931 by B est and McHenry. The dose response curve r e la t in g  the ra te  
o f in je c t io n  o f  h istam ine to  the ra te  o f  s e c r e t io n  has the customary 
exp o n en tia l ch aracter  which upon p rob it transform ation  becomes a 
s tr a ig h t  l in e  (Obrink, 1948) .
(2 ) S i t e  o f  a c tio n  o f  adm in istered  h istam in e .
Histamine stim u la te s  g a s tr ic  mucosa in  v i t r o ,  in  h igh  concen­
t r a t io n  (D a v ies , 1946, Davenport and Chavre^, 1950) evidence which  
su g g ests  th at h istam ine a c ts  d ir e c t ly  on the p a r ie ta l  c e l l s  w ithout 
the agency o f a fu rth er  chem ical tra n sm itter . I t  s t im u la te s  the  
a ctio n  o f the secre to r y  c e l l s  more b r is k ly  i f  i t  i s  brought in to  
con tact w ith  t h e ir  submucosal a sp ect (Hanson, Grossman and Iv y , :
1948) than when a p p lied  to  th e ir  lum inal su r fa c e . Very large  
q u a n tit ie s  o f histam ine ( e .g .  50 mg. h istam ine a c id  phosphate) must 
be a p p lied  to  the mucosa to  e l i c i t  the s l ig h t e s t  response ( iv y ,  Id® & 
McCarthy, I 925) .
H istam ine/
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Histam ine appeals to  a c t  s p e c i f i c a l ly  on the p a r ie ta l  c e l l  
lea v in g  the p ep tic  c e l l  l i t t l e  a f fe c te d  s in c e  the g a s tr ic  s e c r e t io n  
appears to  con ta in  a c id  hut no pepsin  a f t e r  i t s  in j e c t io n .  Acid  
s e c r e tio n  may wash out some pepsin  i n i t i a l l y ,  hut th is  in crea se  does 
not recur i f  a second in je c t io n  o f h istam ine i s  g iven  (Babkin, 1930; 
Vineberg and Bahkin, 1931; Gilman and C ow gill, 1931; Bjorkman, Forden, 
Uvnas, 1943).
(3 ) Histamine i s  p resen t in  h igh  con cen tra tion  in  the g a s tr ic  mucosa, 
P r in c ip a lly  in  the region  o f a c id  s e c r e t io n . Hot on ly  i s  h istam ine  
p resen t in  the g a s tr ic  mucosa hut the a c id  secre to r y  area (fundus) has 
tw ice the con cen tration  o f the antrum (G avin, McHenry and W ilson , 1933; 
Emmelin, K ahlson, I944) .
( 4 ) H istam inase i s  absent from the g a s tr ic  mucosa and agents which  
in h ib it  th is  enzyme augment a c id  s e c r e t io n .
Histamine i s  destroyed  by deam ination, through the a c tio n  o f  
histam inase (B e s t , 1939; B est and McHenry, 1930; McHenry and Gavin, 
1932), V arious workers have attem pted to  demonstrate the presence o f  
th is  enzyme in  the stomach w a ll ,  w ithout su ccess  (B est and McHenry,
1930; Hose, Karady and Browne, 1940; Dworetsky and Code, 1951; Waton, 
1956). Absence o f the d estro y in g  enzyme would a llow  every  opportunity  
fo r  histam ine to  stim u la te  the p a r ie ta l c e l l .
The c o r o lla r y  th a t drugs which in h ib it  h istam inase might p o te n tia te  
histam ine e f f e c t s  has been confirmed by S ch ild  and co-w oikers (Mongar 
and/
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and S c h ild ,  1951* Arunlakshana, Mon gar and S c b ild ,  1954)* S irc u s  
a p p lied  one o f  th ese  in h ib ito r s  ( f t  -p y r im id in e )to  a study o f g a s tr ic  
s e c r e tio n  in  dogs and c a t s ,  and found an enhanced response to  h ista m in e , 
fe e d in g , v a g a l s t im u la tio n  and a lc o h o l ,
(5 ) H istam ine i s  p resen t in  g a s tr ic  ju ic e  whatever the s t im u lu s .
Histam ine has been found in  g a s tr ic  ju ic e  by many o b serv ers , 
(Komarov, 1933. Brown, Sm ith, 1935* M cIntosh, 1948. Emmelin and 
K ahlson, 1944* Code, H allenbeck and Gregory, 1947* Adam e t  a l . ,
1954)* Emmelin and Kahlson found th a t the h istam ine con ten t o f the 
ju ic e  was independent o f  the mode o f stim u lu s employed in  e x c it in g  
the p a r ie ta l  c e l l s .  Not on ly  does the g a s tr ic  ju ic e  con ta in  h ista m in e , 
however, but there i s  a d e f in it e  c o r r e la t io n  between the amount o f  
histam ine in  the ju ic e  and the in t e n s i t y  o f  the se c r e to r y  a c t iv i t y  o f  
the p a r ie ta l  c e l l  (Code, 1955).
5-Hydrox^txyptaniine.
In 1940 Erspamer d escr ib ed  the presence o f  an unknown substance  
in  acetone e x tr a c ts  o f  g a s tr o in te s t in a l  mucosa. He had n o ticed  th a t  
the a c t iv i t y  o f h is  e x tr a c ts  from the g a s t r o in te s t in a l  t r a c t  in  
lower anim als v a r ied  w ith  the number o f a r g e n ta ffin  c e l l s  presen t in  
the t i s s u e .  He th erefo re  named the substance he had d iscovered  as  
enteram ine, a hormone o f the a r g e n ta ffin  or K u ltch itsk y  c e l l s  which  
are part o f  the enterochrom affin  system . I t s  presence was a ls o  
demonstrated in  acetone e x tr a c ts  o f  the sp leen  ( V ia l l i  and Erspamer, 
1942), the p o s te r io r  s a liv a r y  glands o f  the octopus ( V ia l l i  and 
Erspamer/
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Erspamer, 1940 ), the hypobranchial glands o f  s n a i ls  (Erspamer, 1947 
and 1948 ), and the sk in  o f  amphibia (Erspamer and V i a l l i ,  1951)* The 
fo llo w in g  pharm acological r e a c tio n s  have been a scr ib ed  to  Enteram ine.
I t  stim u la ted  the a tr o p in ise d  o estru s  u teru s o f r a ts  and m ice, the  
duodenum o f r a t s ,  the urinary b ladder o f  dogs (Erspamer, 1940) and 
the h eart o f moluscs (Erspamer and G h ir e t t i ,  1951)* Enteramine was 
a ls o  found to  depress the blood pressure o f the a tro p in ised  rab b it  
and c a t  and in h ib it  d iu r e s is  in  hydrated ra ts  (Erspamer and O tto len g h i, 
195l)»  According to  Erspamer (1942-1948) when e x tr a c ts  co n ta in in g  
Enteramine were b o ile d  fo r  a sh ort tim e a t  a pH 7-8  th ere was in crea se  
in  a c t iv i t y .  He concluded th a t Enteramine e x is te d  in  two form s, 
Enteramine A, a c t iv e  by i t s e l f ,  and Enteramine I ,  o r d in a r ily  in a c t iv e  
but e a s i ly  a c t iv a te d  by treatm ent w ith  a l k a l i .  Erspamer and B o r e tt i  
( 1951) c la im  to  have separated  th ese  two by paper chromatography.
F in a lly  Erspamer and Asero announced in  1951 th a t they  had 
i s o la t e d  Enteramine as i t s  p ic r a te  s a l t  from the s a liv a r y  glands of 
o cto p i and the sk in  o f amphibia. I t  was id e n t i f ie d  as 5"hydro:^tryptamine 
and s im ila r  to  s e r o to n in , is o la t e d  by Rapport, Green and Page, 1948, and 
Rapport, 1949* D a lg lie s h , Toh and Work, 1953> independently is o la te d  
5-hydroxytryptamine and another in d o le  d e r iv a tiv e  not y e t  id e n t i f ie d  
from the alim entary tr a c t  o f the dog; Feldberg and Toh (1953) have 
shown th a t 5~hydroxytryptamine i s  presen t in  la r g e s t  amount in  the  
mucosa o f the p y lo r ic  region  and duodenum, and th a t th ere i s  a grad ien t 
o f a c t iv i t y  d i s t a l ly  towards the ileum .
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TABLE 1 l i s t s  s e v e r a l o f  the p h y s io lo g ic a l r o le s ,  p o stu la ted  
by v a r io u s a u th ors, fo r  5-HT.
Role H ypothesis Author S p ec ies
A n tid iu r e tic
fa c to r
O rig in ates in  enterochrom a- 
s f f in  c e l l s  and may co n tro l 
w ater ex cr e tio n  in  the rat
Erspamer and 
O tto le n g li ,
(1953)
Rat
V ascular
agent
I n h ib its  v a scu la r  neurogenic  
tone and i s  p o ss ib ly  im port- 
;ant in  h yp erten sion .
Page and 
McCubbin, 
(1953)
Dogs and 
Humans
P la te le t
fa c to r
Local v a so c o n str ic to r  su b -  
ssta n ce , p o ss ib ly  important 
in  haem ostasis.
Reid and 
Rand (1951)
R ab b its , 
e t c .
IT euro -  
hormone
D istr ib u ted  w id ely  in  b ra in , 
rap id ly  formed th e r e . A nt- 
jagonised  by ly s e r g ic  a c id ,  
which causes h a llu c in a t io n s .
Amin,
Crawford & 
Gaddum (1953) 
W oolley and 
Shaw (1954)
V arious
G astro­
in t e s t in a l
motor
hormones
S tim u lates in t e s t in a l  
p e r i s t a l s i s ;  r e lea sed  by 
motor movements of c u t.
Bulbring & 
Lin (1958)
Guinea- 
p igs and 
rabb it
Pain
fa c to r
Causes pain on intraderm al 
in j e c t io n ,  ex tra c te d  from 
cautharides b l i s t e r  f lu id .
Armstrong, 
Dry, K ee le , 
Markham,
( 1952)
Human
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Many p h y s io lo g ic a l r o le s  have been a scr ib ed  to  5 HT and the  
most im portant cla im s are l i s t e d  in  Table I .  The d is tr ib u t io n  o f  
5 HT in  the hypothalam ic region  su g g ests  th a t i t  may p lay  an 
important part in  p h y s io lo g ic a l a c t iv i t y  a t  t h is  s i t e .  Many 
important drugs which d is tu rb  brain  fu n ctio n  are a ls o  substances  
which p o te n tia te  or b lock  the e f f e c t s  o f 5 HT, e .g .  r e sp e r in e ,  
chlorprom azine and ly s e r g ic  a c id .
B ulbring and Lin (1958) have in v e s t ig a te d  a p o s s ib le  in t e s t in a l  
ro le  o f  5 HT, namely i t s  r e la t io n s h ip  to  in t e s t in a l  m o t i l i t y ,  as  
e l i c i t e d  by a p e r i s t a l t i c  r e f l e x .  They found th a t 5 HT was formed 
and sto red  lo c a l ly  in  the mucous membrane and was r e le a se d  as the  
in tra -lu m in a l pressure rose  and th a t i t  s e n s i t i s e s  pressure r e c e p to r s ,  
low ering the th resh o ld  o f pressure requ ired  to  e l i c i t  a p e r i s t a l t i c  
r e f le x .
5 HT has a r ic h  d is tr ib u t io n  in  the mucous membrane o f  the  
alim entary t r a c t .  I t  i s  p resen t in  h igh  con cen tration  in  the mucosa 
o f the p y lo r ic  region  and duodenum, but the con cen tration  le s s e n s  in  
grad ient fa sh io n  d i s t a l l y .  5 HT m ight, in  view  o f i t s  d is tr ib u t io n  
in  the stomach and duodenum have an important r o le  in  g a s tr ic  se c r e to r y  
fu n ctio n ; t h is  forms the main to p ic  d iscu ssed  in  Part I I I  o f  th is  
t h e s i s .
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SUBSTANCE P.
The name Substance P was given  by Gaddum and S c h ild  (1934-35)  
to  an unknown substance f i r s t  found by Von E u ler and Gaddum (1931) 
in  e x tr a c ts  from the sm all in t e s t in e  and b ra in , and b e lie v e d  to  be 
a p o ly p ep tid e . The e x tr a c ts  caused a f a l l  in  a r t e r ia l  b lood pressure  
o f the a tr o p in ise d  rab b it and a slow  co n tra ctio n  o f the i s o la t e d ,  
aifcropinised, in t e s t in a l  preparation  o f the ra b b it .
The substance was destroyed  by b o ilin g  fo r . some tim e in  s tron g  
a c id  and a lk a lin e  s o lu t io n . I t  was presen t in  large  amounts in  the  
muscle la y e r  o f the horse in t e s t in e ,  but th ere was l i t t l e  a c t iv i t y  
from the mucosal la y e r s .  E x tra cts  from the h o r se 's  stomach were 
r e la t iv e ly  a c t iv e ;  those from the urinary b ladder showed some a c t i v i t y ,  
but th ose from the v is c e r a  and s k e le t a l  muscle showed none. In the  
brain i t  was found in  the b asa l g a n g lia . E uler (1934* 1936) found 
fu rth er  large  amounts o f apparently  the same substance in  human 
semen and in  e x tr a c ts  o f the p r o s ta t ic  gland o f various an im als.
D ouglas, P eldberg, Paton and Schachter (1951) found a smooth 
muscle s t im u la tin g  substance resem bling Substance P in  a c id  s a lin e  
e x tr a c ts  o f the w a ll o f the d ig e s t iv e  tr a c t  of dogs and s tu d ied  i t s  
d is tr ib u t io n  in  va r io u s s i t e s  and la y ers  o f  the g a s t r o - in te s t in a l  
t r a c t .  There was l i t t l e  a c t iv i t y  in  the oesophagus w h ile  there was 
some a c t iv i t y  in  the stomach and there was much in  the sm all and 
la r g e /
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large in t e s t in e ;  in  the in t e s t in e  i t  was to  be found in  the mucosa 
and in  p a r t ic u la r  in  the m uscularis mucosa. The same f in d in g s  were 
independently a rr ived  a t by Pernow (1951)*
Substance P s t im u la te s  the smooth muscle o f  many sp e c ie s  
s tu d ie s  (E u le r , 1936b: V ogt, 1949» 1950) and low ers the th resh o ld  
fo r  e l i c i t i n g  p e r i s t a l s i s .  I t ,  however, has o th er system ic e f f e c t s ,  
fo r  in s ta n c e , in je c te d  in to  ra b b its  i t  in creased  b i le  flow  and 
caused a f a l l  in  a r t e r ia l  b lood p ressu r e . I t  e x e r c is e s  a v a s o d ila to r  
e f f e c t  on the blood v e s s e ls  o f  the fr o g .
Substance P i s  p r e c ip ita te d  w ith  h a lf  sa tu rated  ammonium su lp hate  
and destroyed  by tr y p s in . High a c t iv e  powders have been prepared by 
the method o f E uler (1936c , 1942).
E uler (1936 a and b) su ggest th a t the r e le a se  o f  Substance P in  
the in t e s t in a l  w a ll may be resp o n sib le  fo r  i t s  spontaneous movement, 
but according to  Vogt (1949) or rath er a r e la te d  su b sta n ce , i s  
re lea sed  from the w a ll o f the fr o g ’s stomach during vagus s t im u la tio n .  
Recent f in d in g s  (V ogt, 1950: F isch er  and Vogt, 1950 ) w ith  paper chrom- 
:atography have shown th a t Substance P may c o n s is t  o f  two re la te d  
su b stan ces , the one w ith  a g rea ter  a c tio n  on the blood pressure o f  the  
a tro p in ised  rab b it and the o th er on the a tro p in ised  r a b b it 's  in t e s t in e .  
The term Substance P may apply to  two p o lyp ep tid es w ith  d if fe r in g  
a c tio n .
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GENERAL HORMOJES.
1. GASTRIN.
Edkins ( I 905) r a ise d  the p o s s ib i l i t y  through h is  experim ents  
th a t there was an agent in  the g a s tr ic  mucosa which was produced in  
the response to  m echanical and chem ical s t im u la t io n , and stim u la ted  
se c r e tio n  o f h yd roch loric  a c id  by the g a s tr ic  g la n d s. I t  was claim ed  
th at t h is  humoral agent was lib e r a te d  s p e c i f i c a l ly  from the p y lo r ic  
region  by the products o f p ro te in  d ig e s t io n ;  on e x tr a c tio n  i t  was 
a c t iv e  on in travenous a d m in is tra tio n . P o p ie ls k i , however, showed 
w ith in  a few years th a t e x tr a c ts  o f  alm ost any t is s u e  would stim u la te  
a c id  g a s tr ic  s e c r e tio n  ( 1909, 1913) and. la t e r  demonstrated th a t  
histam ine was alm ost u b iq u ito u sly  presen t in  many t is s u e s  and th a t  
i t  was a poten t stim u lan t o f  g a s tr ic  s e c r e t io n ,  (P o p ie lsk i, 1920. )  
When, in  1933, Gavin, McHenry and W ilson found histam ine in  r ic h  
s to re  in  the g a s t r o - in t e s t in a l  t r a c t ,  t h is  le d  to  th e  v iew  th a t  
g a str in  and h istam ine were one and the same su bstan ce,
i )  Evidence th a t the Humoral Agent i s  G astr in .
Edkins (1905:1906) in  making a c id  s a lin e  e x tr a c ts  which were
a c t iv e  in  acute experim ents e s ta b lish e d  an experim ental f a c t  which
has o ften  been d isregarded; d e sp ite  the u n w ittin g  contam ination o f
h is  e x tr a c ts  w ith  h istam in e, he showed th a t in travenous ad m in istra tion
*
o f the e x tr a c ts  r e l ia b ly  caused a c id  g a s tr ic  s e c r e t io n . This seems 
an important f in d in g  s in c e  i t  i s  known th a t h istam ine i t s e l f  i s  o ften  
in a c t iv e  on in travenous in jec tio n ^  Edkins* g a s tr in  was undoubtedly 
contam inated/
(* See Part 5 ) .
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contaminated, w ith  h ista m in e , hut Lim (1922) u s in g  Edkins* method 
adequately  confirm ed h is  f in d in g s .
Komarov in  1938 e x tr a c te d  a p ro te in  c o n s t itu e n t  o f  the g a s tr ic  
mucosa from the p y lo r ic  mucous membrane, fr e e  o f  h istam ine and 
h ig h ly  e f f e c t iv e  by the in traven ou s r o u te . In the l a t t e r  resp ec t  
he kept c lo s e ly  to  the o r ig in a l experim ent o f Edkins which had 
been s u c c e s s fu l ly  repeated  by Lim. His preparation  had many s im i l -  
s a r i t ie s  w ith  s e c r e t in ;  i t  cou ld  be p r e c ip ita te d  by t r ic h lo r a c e t ic  
a cid  by sa tu r a tio n  w ith  NaCl, was so lu b le  in  e th y la lc o h o l,  m eth y la l-  
:cohol and a ce to n e , w hile  in s o lu b le  in  pure organic s o lv e n t s .  I t  
was a c t iv e  in  a n a e s th e tise d  and u n a esth etise d  c a ts  and d o g s, and 
acted  on the g a s tr ic  se c r e to r y  mechanism w ithout low ering blood  
p ressu re . Intram uscular in je c t io n s  e l i c i t e d  on ly  s l ig h t  secre to r y  
a c t iv i t y ,  w hile  th a t fo llo w in g  subcutaneous in je c t io n  was minim al. 
E xtracts  from the p y lo r ic  region  were the most a c t iv e ,  duodenal 
e x tr a c ts  were l e s s  a c t iv e ,  w hile  fu n d ic , je ju n a l and l i v e r  e x tr a c ts  
were in a c t iv e .
Uvnas (1942) repeated much o f Komarov*s work, u sin g  a m od ifica tion  
o f Komarov's e x tr a c tio n  procedure d esigned  to  p u r ify  the p ro te in  
c o n s titu e n ts  and to  fr e e  them o f the n itrogen ou s bases o f sm all 
m olecular s i z e  such as ch o lin e  and h istam in e. Uvnas found th a t  
fo llo w in g  th e in je c t io n  o f  1 mgm. o f h is  preparation  o f g a s tr in  he 
obtained marked a c id  se c r e to r y  a c t iv i t y .  He confirmed Komarov* s  
d e s c r ip t io n /
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d e sc r ip tio n  o f  the reg io n s o f  the a lim entary tr a c t  g iv in g  r i s e  
to  a c t iv e  fr a c t io n s  and found th a t h is  a c t iv e  e x tr a c ts  would st im u la te  
a c id  se c r e to r y  a c t iv i t y  w ithout g iv in g  r i s e  to  p an crea tic  or b i l ia r y  
s e c r e t io n ,  g a s t r ic  motor a c t i v i t y ,  changes in  blood sugar or b lood  
p ressu re . Some o f h is  p y lo r ic  e x tr a c ts  were found to  con ta in  a 
secre to r y  depressant m a te r ia l. The a c t iv e  p r in c ip le  was r e s is ta n t  
to  h ea tin g  in  a c id  but was destroyed  in  a lk a l i  by pepsin  p an crea tic  
ju ic e  (a c t iv a te d  by duodenal j u i c e ) ,  and by u ltr a  v io l e t  l i g h t .
I t  was d ia ly sa b le  through cellop h ane and was p r e c ip ita te d  by 
t r ic h lo r a c e t ic  a c id ,  metaphosphoric a c id , sa tu ra ted  so lu t io n s  o f  
NaCl and a ce to n e .
Harper (1 9 4 6 ), Friedman and King (1947)* Hanson and Grossman 
(unpublished , c i t e d  by Grossman (1950 )) Have in  turn a l l  attem pted  
to  confirm  t h is  work. Harper, ap p ly ing M ellanby's method fo r  
e x tra c tio n  o f s e c r e t in ,  produced p y lo r ic  e x tr a c ts  ^diich were not 
d ia ly sa b le  but were a c t iv e  in  e l i c i t i n g  a c id  s e c r e t io n ,  and had no
depressor a c tio n  on the c a t ;  but Hanson and Grossman, app lyii
While the work o u tlin ed  above on the a c t iv i t y  o f  t is s u e  e x tr a c ts  
i s  now accepted  as on a f a ir l y  firm  fo o t in g , th ere  i s  the s tr ik in g  fa c t  
that the humoral a g en t, the p u r if ie d  g a s tr in  o f the t is s u e  e x tr a c ts  and
method fo r  the e x tr a c tio n  o f  s e c r e t in  f a i l e d  to  get a c t iv e  e^
th e ir  su ccesse s  were few w ith  the method o f  Komarov,
i i )  Evidence th a t the Humoral Agent i s  H istam ine,
h istam in e/
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histam ine i t s e l f ,  a l l  cause s e c r e t io n  o f  the same type o f g a s tr ic  j u ic e .  
Histamine has a cco rd in g ly  "been id e n t i f i e d  by many a u th o r it ie s  w ith  
"gastrin"  and proposed as the humoral agent; a l t e r n a t iv e ly  i t  has been 
su ggested  th a t i t  i s  the lo c a l  chem ical agent p resen t in  the g a s tr ic  
w a ll e x c i t in g  th e p a r ie ta l  c e l l s .
The grea t s e n s i t i v i t y  o f the p a r ie ta l  c e l l s  to  h istam ine i s  one 
o f the main fa c to r s  to  be taken in to  co n sid era tio n  in  a s se s s in g  the  
ro le  o f t h is  su b stan ce . Hanson and h is  co-workers (1948) found th a t  
the minimal e f f e c t iv e  dose was o f a very  low order, confirm ed by 
Emmelin and Kahlson ( 1944) who found th a t i t  w as, in  f a c t ,  below the 
le v e l  o f the cu rre n tly  d e te c ta b le  l e v e l s  o f h istam ine in  plasm a. This 
i s  evidence fo r  grea t s e n s i t i v i t y  o f the p a r ie ta l  c e l l s  to  h istam in e.
The p o s it io n  o f h istam ine as a hormone u n fortu n ate ly  cannot y e t  
be c l a r i f i e d  because of the r e la t iv e  in s e n s i t iv i t y  o f presen t methods 
of e x tr a c tio n  o f h ista m in e , but variou s workers have dem onstrated i t s  
r e le a se  in to  the g a s tr ic  j u ic e .  Brown and Smith (1935) ex trao ted  a 
h is ta m in e -lik e  substance from g a s tr ic  ju ic e  and M acintosh stu d ied  by 
the Barsom-Gaddum e x tr a c tio n  method the appearance o f h istam ine in  
g a s tr ic  j u ic e ,  a f t e r  v a g a l s t im u la tio n , sham feed in g  and h istam ine  
in je c t io n .  Macintosh (1938) a sso c ia te d  the presence of histam ine  
w ith  high a c id  se c r e to r y  r a te s ,  but Emmelin and K ahlson, though 
f in d in g  h istam ine in  g a s tr ic  j u ic e ,  were unable to  make th is  c o r r e la t io n ;  
Code/
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Code, H allenbeck , and Gregory (1947) agree w ith  the co n c lu s io n s  o f  the 
l a t t e r .  A ll  in v e s t ig a to r s  are agreed th a t h istam ine may occur in  
g rea ter  amount in  ju ic e  than in  the plasm a, and i t  remains a p o s s ib -  
s i l i t y ,  th e r e fo r e , th a t the g a s tr ic  hormone i s  in  f a c t  h istam ine or  
that h istam ine i s  r e le a se d  fo r  parietal c e l l  a c t iv i t y  from f ix e d  
s to r e s  in  the mucosa by the p ro te in  fr a c t io n  now known as 'p u r if ie d  
g a s t r in ' .
2. MISCELLANEOUS GASTROINTESTINAL HQRMCHSS .
For com pleteness, o th er g a s t r o in te s t in a l  hormones are l i s t e d  h ere. 
They do n ot form m a ter ia l fo r  fu r th er  d isc u ss io n  s in c e  th e ir  p r in c ip a l 
s i t e  o f  lo c a l is a t io n  i s  the in t e s t in a l  t r a c t  d i s t a l  to  the stomach, 
and t h e ir  ta rg e t organs are the pancreas, g a llb la d d er  and sm all 
in t e s t in e .
i )  S e c r e t in  (B a y lis s  and S ta r l in g ,  1902) s t im u la te s  the s e c r e tio n  o f 
pancreatic  ju ic e  and i s  r e le a se d  from the upper in t e s t in a l  t r a c t  by the  
acid  s e c r e t io n ;  i t  i s  mentioned here s o le ly  because i t  has been ex tracted  
from the g a s tr ic  mucosa.
i i )  Pancreozymin s t im u la te s  the s e c r e tio n  o f enzymes by the pancreas and 
i s  ex tra c ted  from the upper in t e s t in a l  tr a c t  (Harper and Baper, 1943)*
i i i )  Enterogastrone (Kosaka and Lim, 1930) i s  an in h ib ito r y  agent 
derived from the upper in t e s t in a l  t r a c t  by the a c tio n  o f f a t s  and 
depresses both a c id  secre to r y  a c t iv i t y  and m o t i l i t y .
iv )  C holecystok in in  ( iv y ,  1934), V i l l ik in in  and E n terocrin in  are
/
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are smooth muscle s t im u la tin g  su bstan ces a f f e c t in g  the g a llb la d d e r ,  
in t e s t in a l  v i l l i  and sm all bowel m o t i l i ty  r e s p e c t iv e ly .  I n te s t in a l  
humoral a g e n ts , the products o f d ig e s t io n s ,  may cause a c id  s e c r e t io n .
Le Conte (1900) dem onstrated t h is  by the in tro d u ctio n  o f food in to  
the duodenum of dogs w ith  g a s tr ic  f i s t u l a e ,  work which Pavlov repeated  
in  1910. Lim, Ivy and McCarthy (1925) showed c le a r ly  an a c id  s e c r e tio n  
on feed in g  dogs w ith  t o t a l  stomach pouches; the se c r e t io n  in  the pouch 
was g rea te r  i f  the food  was p r ed ig e sted .
CHAPTER THREE
E xperim ental approach to  th e study o f  the  
a c t iv e  su b stan ces presen t in  g a s tr ic  t is su e *
-  24 -  
CHAPTER THREE.
EXPERIMENTAL APPROACH.
The p a r t ic u la r  methods employed in  the in v e s t ig a t io n  o f  h istam in e , 
5-hydroxytryptam ine, Substance P and g a s tr in  w i l l  be d escrib ed  la t e r .
The o p p o r tu n itie s  fo r  a new experim ental approach to  the study  
of g a s t r ic  hormones w i l l  be the main co n sid era tio n  o f t h is  ch ap ter .
1) HISTAMINE.
The e f f e c t s  o f  h istam ine e x tr a c ts  are ra re ly  s tu d ied  s in c e  the 
sy n th e s is  o f  th is  substance (Windaus and V ogt, 1907)* This has p ro -  
svided ample q u a n t it ie s  o f  the pure substance fo r  experim ental u s e .
T issu e  h ista m in e , however, can be ra p id ly  and e x te n s iv e ly  a lte r e d  
by sy n th e t ic  h istam ine r e le a s in g  agen ts o f  h igh  potency such as 
Compound 4S /8O (P aton , 1951) and Ootylamine (Mongar, 1953)* This has 
provided a u s e fu l t o o l  fo r  the exam ination o f many problems in  which 
histam ine has been a ssig n ed  a r o le ,  o ften  a co n je c tu r a l one. The 
histam ine l ib e r a to r  i s  used to  reduce the h istam ine o f the t i s s u e s ,  
to  determ ine what changes may have been produced by th is  a lt e r a t io n .  
Histamine r e le a se  was however, not always so  s p e c i f i c a l ly  accom plished.
The study o f  h istam ine r e le a s e  began w ith  the perception  by Rale 
of the p a r e l le lis m  between an ap h ylactic  shook and the to x ic  e f f e c t s  o f  
histam ine in  gu inea p ig s ,  and the r e le a se  o f  h istam ine in  th is  
phenomenon was dem onstrated by B artosch , Peldberg and N agel (1932 ), 
when an tigen  was perfused  through s e n s i t i s e d  guinea p ig  lung.
The/
The concept o f  h istam ine r e le a s e  as a r e s u lt  o f  in ju ry  to  the  
c e l l  had been advanced by L ew is, and he b e lie v e d  th a t such a mechanism 
might ex p la in  the s im ila r  e f f e c t s ,  such as the t r ip l e  resp on se , o f many 
common in ju r io u s  agen ts in  the sk in  (1927)* F ollow ing  h is  le a d , many 
workers a s so c ia te d  the oedema and v a sc u la r  e f f e c t s  o f the a l l e r g ic  or 
s e n s i t iv i t y  r e a c tio n s  o f  drugs w ith  h istam ine r e le a s e .  Feldberg and 
h is  co-w orkers pursued the exam ination o f the r e le a se  o f histam ine by 
sta p h y lo co cca l or C lostrid iu m  W e lc h iito x in , mercuric c h lo r id e , bee and 
cobra venom and ly s o le c i t h in  (F eldberg and K ellaw ay, 1937: Feldberg and 
ISogh, 1937: Feldberg and 0*Connor, 1937: Feldberg and K ellaw ay, 1938: 
Feldberg, Holden and K ellaw ay, 19 3 8 ). But the dem onstration o f histam ine  
r e le a se  in  th ese  experim ents was acknowledged to  be in  some way the  
r e s u lt  o f  t is s u e  damage.
The f i r s t  dem onstration o f h istam ine r e le a s e  drugs "without t is s u e  
damage" was made by Alam, Anrep, Barsoum, T alaat and W eininger (1939) 
fo r  d -tu b ocu rar in e , repeated  by S c h ild  and Gregory (1947)* and fo r  
strychn ine (S c h ild  and Gregory, 1947)* R elease o f  histam ine w ithout 
c e l lu la r  damage became more w id ely  recogn ised  fo llo w in g  the conclusion  
by M acintosh and Paton (1949) th a t many organic bases possessed  the  
characters o f h istam ine l ib e r a to r s .  Among the basds found to  re lea se  
histam ine were d iam ines, d iam id in es, d ig u a n id in es , d i—iso th io u r e a s , 
diq u atern aries and some benzam idines. These compounds a l l  produced 
a sudden f a l l  in  a r t e r ia l  b lood pressure on in je c t io n ,  but the 
beginn ing/
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o f th is  f a l l  was in  every ca se  delayed  t i l l  the on set a t 20-25  
seconds a f t e r  in j e c t io n .  This accompanied the accum ulation o f la rg e  
amounts o f h istam ine in  th e plasm a. Histamine was in  a l l  ca ses  d e tec ted  
in  large enough amounts to  account fo r  the e f f e c t s  on the blood p ressu re;  
the c h a r a c te r is t ic  delayed  d ep ressor response cou ld  be a s so c ia te d  w ith  
re lea se  o f  h istam ine in  the t is s u e s  en ter in g  the v a sc u la r  system  a 
short tim e a f t e r  th e  primary h istam ine r e le a s e .  These compounds 
e l i c i t e d  a t r ip l e  response when in je c te d  in to  human sk in , and when 
in fused  in tra v en o u sly  in  the c a t they  caused s e c r e tio n  o f a c id  g a s tr ic  
ju ic e ,  but th is  was n ot s tu d ied  in  d e t a i l .
Histam ine r e le a s in g  agen ts have been employed in  t h is  study to  
a scer ta in  whether they  e l i c i t  an a c id  g a s t r ic  secre to r y  resp on se , and to  
determine the s i t e  o f the r e le a se  o f  the histam ine causing a c id  s e c r e t io n .
They have a ls o  been a p p lied  to  t i s s u e s  to  see  whether d ep le tio n  o f t is s u e  
histam ine m odified  se c r e to r y  responses to  other hormones, e t c .
Heference i s  made in  the te x t  to  the h is ta m in e -re lea s in g  p ro p er tie s ,  
in  various ch ap ters, o f  Compound 4S /8O, tryptam ine, octy lam ine, d -tubocur- 
ta r in e , propamidine and mepyramine, a l l  o f which are complex nitrogenous  
b ases. Horse serum, B olton  to x in  and g a str in  were a ls o  found in  exper­
im en ts  which are d escr ib ed  la t e r  to  p o ssess  h istam in e-re  le a s in g  p ro p er tie s .
A f u l l  d e sc r ip tio n  o f  the p ro p ertie s  o f  Compound 48 /80  which i s  \
frequently  re ferred  to  throughout t h is  t h e s is  i s  given in  the Appendix.
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2) 5-hydroxytryptam ine ( 5-HT)
Although enteram ine was o r ig in a lly  obtained  in  e x tr a c t  form, 
i t  was q u ick ly  c h a r a c te r ise d  by Erspamer as 5-hydroxytryptam ine.
I t  was soon reco g n ised  th a t th is  was the same substance as had been 
ex tra c ted  from serum as a v a so c o n s tr ic to r  substance shed from p la t e l e t s .
In 1949 fiapport had id e n t i f i e d  secre to n in  as 5”ky^roxy t  rypt amine ,*
Hamlin and F isc h e r , in  1951* sy n th e s ise d  t h i s  su b stan ce, and the
sy n th e tic  m a ter ia l-a s  the c r e a t in in e  sulphate*has been la r g e ly  used
in the experim ents reported  in  t h is  t h e s is  in  preference to  the crude e x tr a c t .
Human experim ents w ith  5-HT are com plicated  by the fa c t  that th is  
substance produces unpleasant and o ften  dangerous e f f e c t s  on system ic  
in je c t io n  (Table 2 ) .
I t  seemed to  us th a t the fu n ctio n in g  ca rc in o id  or argentaffinom a  
provided an a lte r n a t iv e  means o f stud ying  the human e f f e c t s  o f 5”HT$ 
ju st  as 5-HT was found by Erspamer to  be presen t in  t is s u e  ex tra c ts  
w ith  a r g e n ta ffin  c e l l s ,  so  5-HT i s  produced and re lea sed  in to  the 
c ir c u la t io n  from tumours o f  th ese  c e l l s .  This causes a remarkable 
c l in ic a l  syndrome f i r s t  recogn ised  by Swedish workers in  Malm©
(Biorck e t  a l . ,  I 952. Thorsen e t  a l . f 1954). This i s  seen as cutaneous 
f lu sh in g , or a red d ish  blue cy a n o sis  may be the most s tr ik in g  m an ifesta tion . 
There are o ften  asthm atic l ik e  a t ta c k s , d iarrhoea and o ccasion a l giddyness; 
the development o f  v a lv u la r  le s io n s  o f the r ig h t s id e  o f the heart i s  a 
fea tu re /
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TAB IE 2 .
Human E ffe c ts  o f  5 -  HT,
Pain a t  s i t e  o f  in j e c t io n ,  b lanch ing and venospasm, p a l lo r ,  
ta ch y ca rd ia , s u b s te m a l d isco m fo rt.
R esp iratory  d is t r e s s  : bronchospasm and hyperpnoea. 
F lush in g  and c y a n o s is .
Abdominal c o l i c ,  borborygm i, in crea sed  frequency o f  bowel 
movements and m ic tu r it io n .
A fter  Page e t  a l  (1955)*
V f’
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fe a tu r e . The syndrome i s  a s so c ia te d  w ith  m e ta s ta s is in g  ca rc in o id s  
which have h ep a tic  and g lan d u lar  m eta sta se s . Lembeck ( 1953) e s ta b lis h e d  
th at th ere  was a h igh  co n cen tra tio n  o f  5“®? in  m e ta sta tic  ca r c in o id  
tis su e*
Other in d ir e c t  s e t  hods o f  stu d y in g  5 -®  which hare been employed 
are th ose  which
a ) r e le a s e  5”®  from i t s  t is s u e  lin k a g e . Che o f the most pow erful 
agents in  t h is  re sp e c t i s  reserp in e  (Shore e t  a l . ,  1955? 1957* Srodie and 
Shore, 1 9 5 7 ).
b) augment 5 -S f lo c a l ly  by in h ib it io n  o f  the enzyme resp o n sib le  
fo r  5h®  d e s tr u c tio n  so  th a t 5 -2 f  preponderates over o th er lo c a l  hormones 
in  the t i s s u e s .  Such an agent i s  ip r o n ia z id , which i s  a mono-amine- 
oxidase in h ib ito r  (Z e l le r  and Barsky, 1952).
3) Substance P•
4 )  G a str in .
Both o f  th ose  su b stan ces have been stu d ied  a f t e r  e x tr a c tio n  from  
the appropriate t i s s u e s .  Substance P was stu d ied  by th e method o f  
E uler ( 1942) .  G astrin  was s tu d ie d  m ainly by the method o f  J orp es,
J a i l in g  and lf e t t (  1952.) k  sm all q u an tity  o f  an a lte r n a t iv e  preparation  
by th e  method o f  Ifcnas (1945) was prepared fo r  com parison. Tim fe a tu r e s  
o f both  methods are o u t lin e d  in  the Appendix.
PART TWO. 
INTRQDUCTIQEr.
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PART TWO.
INTRODUCTION.
Part Two o f  t h is  t h e s is  d ea ls  w ith  experim ents conducted to  
evaluate the r o le  o f  h istam ine r e le a s e  in  g a s t r o - in te s t in a l  a c t iv i t y .  
Feldberg and Paton in  1951 d escrib ed  the p rop erties  o f an a c t iv e  
histam ine l ib e r a to r ,  Compound 48 /80  (P aton , 1951} Feldberg and Paton, 
1951) • I t  seemed p o s s ib le  th a t by the use o f th is  agent more inform - 
ja tion  cou ld  be obtained  as to  the exact means whereby histam ine  
e x c ite s  g a s t r o - in t e s t in a l  a c t iv i t y .
Chapter One c o n s t itu te s  an exam ination o f  the a b i l i t y  of th is  
p a r tic u la r  h istam ine l ib e r a to r  to  produce a c id  g a s tr ic  s e c r e tio n  when 
in je c te d  in to  va r io u s t i s s u e s .  In t h is  way, u sin g  a c id  secre tio n  as 
an in d ic a tio n  o f the amount o f  h istam ine r e le a se d , i t  has been p o ss ib le  
to  estim ate which t i s s u e s  are most r e a d ily  a ffe c te d  by histam ine  
l ib e r a to r s .  In Chapter Two, the e f f e c t s  of the t is s u e  histam ine have 
been d ir e c t ly  s tu d ie d , in  c a t s .  The histam ine o f  the g a stro —in te s t in a l  
was examined in  p a r t ic u la r , to  determ ine whether lo c a l  re lea se  o f  
histam ine in  the reg ion  o f the p a r ie ta l  c e l l s  was a prime stim ulus for  
acid  g a s tr ic  s e c r e t io n .
In Chapter Three the e f f e c t s  o f histam ine lib e r a to r s  on g a str o -  
s in te s t in a l  tone and rhythmic co n tra ctio n s  have been recorded. The 
stim ulus which produces th ese  motor e f f e c t s  may be re lea se  of histam ine  
in the w a ll o f the in t e s t in e ,  s in ce  histam ine could be d etected  in  
in cr ea sin g /
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in c r e a sin g  amounts in  the medium in  which th ese  p rep aration s were 
m aintained. These f in d in g s ,  m o t i l i ty  change and h istam ine r e le a s e ,  
were examined as part o f  an in v e s t ig a t io n  o f the e f f e c t  o f  h istam ine  
l ib e r a to r s  on the g a s t r o - in t e s t in a l  t r a c t .  Part o f  the work on the  
in te s t in e  was done in  c o lla b o r a tio n  w ith  Dr. W. P eld berg , P .R .S ., 
who examined the e f f e c t s  o f h istam ine lib e r a to r s  on the c h o lin e r g ic  
a c t iv i t y  o f  the in t e s t in a l  p rep ara tion s.
In the ea r ly  years o f  t h is  century B olton (1908) d escrib ed  
some ob serv a tio n s which are now regarded as c l a s s i c a l  ones o f  th e ir  
k in d . A lthough the experim ents were never supposed to  be even  
rem otely analgous to  the development o f  p ep tic  u lc e r  in  man, they  
demonstrateda s e r o lo g ic a l  technique fo r  damaging mucosal c e l l s  
and in  th is  way p red isp osin g  to  u lc e r .  He showed th a t g a s tr ic  
mucosa from the gu in ea -p ig  could  on in je c t io n  in to  a r a b b it ,  
cause the r a b b it’ s own serum to be capable o f producing g a s tr ic  
haemorrhages and ero s io n s  when r e - in je c te d  in to  g u in e a -p ig s . I t  
seemed to  us th a t c e l lu la r  damage o f th is  so r t  might be r e la te d  
to  a h istam ine r e le a se  and the e f f e c t  o f Bolton to x in  or g a s tr ic  
tox in  in  anim als p retrea ted  w ith  histam ine lib e r a to r s  has been 
examined in  Chapter Four.
In a previous chapter (Chapter Three) reasons were advanced 
fo r  co n sid er in g  th a t some an tih istam in e agents a c t as histam ine  
lib e ra to rs?  were t h is  the c a s e , the fa c t  th a t they r e le a se  histam ine  
might exp la in  why/
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why they do not in h ib it  the e f f e c t s  o f  h istam ine on a c id  g a s tr ic  
s e c r e t io n . The e f f ic a c y  o f  an an tih istam in e in  an tagon isin g  the a c id  
secre to ry  p rocess m ight, furtherm ore, be dependent on how much a n t i -  
jhistam ine becomes absorbed in to  the g a s tr o in te s t in a l t i s s u e s .  Were 
the an tih istam in e substan ces in s u f f ic ie n t ly  absorbed in to  g a s tr ic  
t is s u e  a f t e r  in j e c t io n ,  th is  might exp la in  why they f a i l  to  antagonise  
not on ly  exogenous but a ls o  endogenously re leased  h istam ine. An assay  
technique fo r  the e stim a tio n  o f  ex tra c te d  an tih istam in e has been 
d evised  and the amounts o f  a n tih istam in e ex tra c ted  from g a s tr ic  t is s u e  
has been examined in  Chapter F iv e .
In Chapter S ix  t is s u e  from human su b jec ts  has been examined to  
determine whether h istam ine i s  p resen t in  the g a s tr ic  mucosa in  h igher  
con cen tration  in  su b je c ts  a f f l i c t e d  by duodenal u lc e r  than in  p a tie n ts  
w ith  a low a c id  s e c r e t io n ,  and how much o f i t  may be re lea sed  in  both  
groups. The h istam ine co n cen tra tion  in  the secre to r y  portion  o f the 
stomach has been examined a lon g  the l in e s  adopted by Feldberg said H arris, 
who con stru cted  h istam ine p r o f i le s  which showed th at there was a high  
concentration  o f h istam ine in  the region  o f the p a r ie ta l c e l l s  in  the 
dog’s stomach.
CHAPTER CHE.
The E f fe c t  o f  Histam ine L iberator Compound 
48/80*  on Acid G astr ic  S ecre tio n  in  the C at.
-  33 -
CHAPTER (ME
THE EFFECT CSP HISTAMINE LIBERATOR COMPOUND 4 8 /8 0 , Cff 
ACID GASTRIC SECRETIQH JR THE CAT.
H istam ine l ib e r a to r s  e l i c i t  a c id  g a s tr ic  s e c r e t io n . This was
shown fo r  D -tubocurarine in  c a ts  (Feldberg & Holmes, 1941) and fo r
compound 4 8 /8 0  in  dogs (Paton & S ch ach ter, 1951). The acid  se c r e tio n  
fo llo w in g  a d m in istra tio n  o f  such compounds i s  j u s t i f ia b ly  assumed to
be due to th e a c t io n  o f r e le a se d  h istam ine on the oxyntic c e l l s ,  but
the s i t e  o f  o r ig in  o f  the h istam ine was n ot determ ined. The source 
of the h istam ine might have been from such "distant" t is s u e s  as sk in  
and s k e le t a l  m uscle, or from lo c a l  r e le a se  in  the g a s tr ic  mucosa from 
the oxyn tic  c e l l s  th em se lv es .
In the experim ents o f  Feldberg & Holmes (1941) the D-tubocurarine 
was in je c te d  a r t e r ia l ly  d i s t a l  to  the o r ig in s  o f the c o e lia c  and 
m esenteric a r t e r ie s  from the abdominal a o r ta , so that the histam ine  
probably o r ig in a ted  m ainly from the sk in  and s k e le ta l  muscle of the 
lower h a lf  o f  the body. In the experim ents o f Paton & Schachter, 
compound 4 8 /80  was in je c te d  subcutaneously and produced the known 
m an ifesta tion s o f h istam ine r e le a se  from the sk in . On the other 
hand, the g a s tr ic  mucosa o f  the body o f the stomach i s  r ich  in  h is t — 
samine, p a r t ic u la r ly  concentrated  in  the oxyntic c e l l s  (Feldberg & 
H arris, 1952) .  R elease o f th is  h istam ine might be expected to  be
a sso c ia te d /
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a sso c ia te d  w ith  pronounced a c id  g a s tr ic  s e c r e t io n .
In order to  e lu c id a te  the o r ig in  o f the r e le a se d  h istam ine  
resp o n sib le  fo r  se c r e to r y  a c t i v i t y ,  a comparison was made o f the 
g a s tr ic  s e c r e t io n  which occurs when compound 48/ 8O was in je c te d  
in tra v en o u sly , in t r a p o r t a l ly . or in t r a - a r t e r ia l ly  in to  the c o e l ia c  
v e s s e l .  In a d d it io n , a few experim ents were performed to  a sc e r ta in  
the appearance o f h istam ine in  the p o r ta l blood fo llo w in g  the  
in je c t io n  o f  compound 4 8 /80  in to  the c o e l ia c  a r te r y .
MSTHQDS.
C a ts , fa s te d  fo r  18 hours, were a n a e sth e tise d  w ith  c h lo r a lo se .
A tracheotomy was perform ed, the oesophagus was l ig a te d  in  the neck  
and the v a g i were cu t on both s id e s .  A r t i f i c i a l  r e sp ir a t io n  was 
begun a t  the s l i g h t e s t  ev idence o f  re sp ira to r y  embarrassment. Blood  
pressure from the c a r o t id  a r tery  was recorded throughout, dextran  
being used to  r e s u s c ita t e  c a ts  w ith  severe hypotension in  the course  
of th ese  experim ents.
The abdomen was opened and a tube w ith  m u ltip le  p erfora tion s a t  
i t s  t ip  in se r te d  in to  the body o f the stomach in  retrograde manner 
from the p y loru s.
Intravenous in je c t io n s  were made v ia  a cannula in ser ted  in to  the  
righ t fem oral v e in .  When in t r a - a r t e r ia l  in je c t io n s  were given in to  
the c o e l ia c  a r te r y , the sp leen  was f i r s t  removed, p reserv ing  the l e f t  
g a s tr o -e p ip lo ic  v e s s e l  and the vasa b rev ia . The branches of the 
o o e l ia c /
artery  were then d is s e c te d  and str ip p ed  o f surrounding sym pathetic  
nerve fila m en ts  and the h ep atic  artery  cannulated , an a r t e r ia l  c l ip  
being p laced  proximal to  the s i t e  of can n u la tion . The in tr a -a r te r ia l  
in je c t io n s  were made from a syrin ge connected to  the a r t e r ia l  cannula  
which was r ig id ly  clamped to  the ta b le .  On each in je c t io n  the a r t e r ia l  
c l ip  was opened and blood was allow ed to  mix w ith  the content o f  the  
sy r in g e . The main stem of the c o e lia c  artery  was then occluded in  
such a way that the conten t o f the syrin ge passed down the h ep atic  
artery  in to  the gastroduodenal a rtery  and l e f t  g a str ic  a r te r y  to  the 
le s s e r  curvature o f  the stomach and v ia  the branches o f the sp le n ic  
v e s s e l  to  the g rea ter  curvature. (F ig . l ) .  Prelim inary in je c t io n  
experim ents w ith  India ink showed th at the stomach was w e ll  p erfu sed , 
except fo r  the marginal areas o f the pylorus and ca rd ia . In a l l  
experim ents as r ich  a blood supply to  the p y lo r ic  region  as p o ss ib le  
was p reserved . The anastom osis a t the card ia  between the p o rta l and 
system ic c ir c u la t io n  was l ig a te d ,  p an creatic  v e s s e ls  were c a r e fu lly  
t ie d  and, in  most c a s e s , the anim als were ev isce ra ted  fo r  convenience  
below the ampulla o f V ater , the common b i le  duct b ein g  t ie d  a t i t s  
poin t o f en try in to  the duodenum. For the in tr a p o r ta l in j e c t io n s ,  a 
cannula was in se r te d  in to  the stump of the su perior  m esenteric v e in .  
(F ig . 2 ) .  Surplus t i s s u e ,  such as the g rea ter  omentum, was c a r e fu lly  
removed, p reserv ing  the g a s tr o -e p ip lo ic  anastom osis. The layers o f  
the abdominal wound were then l ig h t ly  apposed around the cannula and 
the rubber tube from which g a s tr ic  ju ic e  was a sp ir a te d . The temperature
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TECHNIQUE OF INJECTIONS INTO THE COELIAC ARTERY
Clamps on Hepatic and Coeliac a r te r ie s
I Cannu la ——;
Spleen
removed
P ig , 1 i l lu s t r a t e s  the d ir e c t io n  o f in je c t io n  from the cannula 
(o c c a s io n a lly  a polythene ca th e ter  was used attached  to  
a need le cannu la). The in je c t io n  i s  made retrograde  
from the hepatic a r t e r ia l  branch and c ir c u la te s  v ia  the  
l e f t  g a s t r ic ,s p le n ic  and gastroduodenal artery , when the 
c o e lia c  flow  recommences. The diagram shows double clamps 
momentarily occluding the c o e lia c  and h ep atic  a r te r ie s  to  
ensure th a t the in je c t io n  went to  the stomach a lo n e . In 
between in je c t io n s  a t in y  c l ip  on the v e s s e l  proximal to  
the cannula t ip  prevented blood from en ter in g  i t  and 
occlu d ing  i t  by c l o t .
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TECHNIQUE OF INTRAPORTAL INJECTIONS
Gastric  ve ins  tied
Portal v e i n - V \ S p le n ic  v e in
Cannula—
F ig , 2. In tra p o r ta l in je c t io n s  were given  in to  the su perior  
m esenteric v e in ;  the sp le n ic  v e in  had been t ie d  
firm ly  in  the removal o f the sp leen . The g a s tr ic  
v e in s  were b r ie f ly  t ie d  by a s lip -k n o t  l ig a tu r e  a t  
the time o f in je c t io n .
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o f the animal was taken throughout the experim ents by r e c ta l  and 
in tr a p e r ito n e a l thermometers and maintained a t  37-38°C by the  
a p p lic a tio n  of h ea t, i f  n ecessa ry ,
The stomach was f i l l e d  w ith  10 ml, sa lin e  a t 37°C. A fter  14 
minutes the con ten ts were a sp ira ted  and rep laced  w ith  fr e sh  s a l in e .
This procedure was repeated every quarter o f an hour. The samples 
obtained were t i t r a t e d  w ith  M/lOO-NaOH, u sin g  Topfer’s reagent and 
phenolphthalein  as in d ic a to r s . V alues o f  se c r e tio n  were not  
determ ined u n t i l  some time a f t e r  the adm intration o f  c h lo r a lo se ,  
indeed u n t i l  such time as the a n a e sth e tic  could  have had l i t t l e  
depressant a c t iv i t y  on g a s tr ic  s e c r e t io n . A fter  an appropriate  
in te r v a l o f 1-2 hours had e lap sed  from the time o f ad m in istra tion  
o f the a n a e s th e t ic , th e r e fo r e , and w ith  the d is s e c t io n  now com pleted, 
the experiment was resumed, and such va lu es  as were determined fo r  
a c id  s e c r e tio n  in  the f i r s t  30 minutes were taken as the b asa l 
va lu es in  excess o f which the s e c r e tio n  e l i c i t e d  was estim ated .
In a few experim ents compound 48 /80  was in je c te d  through the 
su perior m esenteric a r te r y  in to  the vascu la r  bed o f the sm all in t e s t in e .  
In th ese  experim ents the l e f t  kidney was removed and the l e f t  renal 
artery  cannulated . The in je c t io n s  were then made in to  the aorta  
clamped o f f  above And below the o r ig in  o f the su p er io r  m esenteric  
a r te r y , w hile  the r ig h t ren al artery  was momentarily occluded. (F ig . 3 ) .
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TECHNIQUE OF INJECTIONS INTO THE 
SUPERIOR MESENTERIC ARTERY
Clamps on A orta  
and on r ight  
Renal a r t e r y
Cannula
L. Kidney 
rem oved
Superior  
\  M e s e n t e r i c  A.
Inferior  
M esenter ic  A.
Pig* 3 . In je c t io n s  were made in to  the su p erior m esenteric  
artery  v ia  a cannula in  the l e f t  ren a l artery  
( l e f t  nephrectomy had been ca rr ied  o u t .)  The 
aorta  above and helow and the r ig h t ren a l artery  
were momentarily occluded by spring clam ps, as shown.
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The histam ine l ib e r a to r  was thoroughly washed in to  the superior  
m esenteric v e s s e l  by in je c t io n  o f s a lin e  before r e le a se  o f the  
occlu d ing  clam ps. The in tr a p o r ta l in j e c t io n s ,  in  th ese  experim ents, 
were g iven  through a cannula in se r te d  in to  a s id e  branch of the  
p o r ta l v e in .
Plasma h istam in e. In a few experim ents p orta l blood was removed fo r  
histam ine assay o f i t s  plasma. A 5 ®1» co n tro l sample was removed 
and h ep arin ized . Compound 4 8 /80  was then in je c te d  in to  the c o e l ia c  
a rtery  w h ils t  the p o r ta l v e in  was clamped near the l i v e r .  Blood 
was allow ed to  flow  out o f  the congested  p o rta l system  v ia  the  
cannula in  the su p erior  v e in  and c o l le c te d  in  5 ml* samples u n t i l  
the animal d ied . The plasma obtained a f te r  c e n tr ifu g a tio n  was 
examined on the g u in ea -p ig ’ s ileum  suspended in  Tyrode’ s so lu tio n
•7
co n ta in in g  atrop ine (1:5x10 ) .  I f  i t  caused c o n tra c tio n , the 
e f f e c t  was compared w ith  th a t o f known amounts o f histam ine and 
shown to  be ab o lish ed  by sm all doses o f  mepyramine.
RESULTS.
Compound 4 8 /8 0 , when in je c te d  in tra v en o u sly , caused a c id  g a s tr ic  
s e c r e t io n  o f  h igh  a c id i t y ,  con ta in in g  p r a c t ic a lly  no mucus and almost 
devoid  o f p ep tic  power, measured by M att's method, and thus resembled  
c lo s e ly  the ju ic e  evoked by the a c t io n  o f histam ine on the p a r ie ta l  
c e l l s .  The secre to r y  e f f e c t  cou ld  be obtained w ith  5 ug/kg  
in cr ea se d /
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w ith  la r g er  doses (Table l ) .  With doses o f 20 ug/kg and more, the 
secre to r y  response showed measurable but ir r e g u la r  in crease  u n t i l ,  
w ith  doses in  excess of 50 u g /k g , the e f f e c t  le ssen ed  and could not 
always be fo llow ed  fo r  a s u f f ic ie n t  period  because such in je c t io n s  
caused a profound and la s t in g  f a l l  o f blood pressure which proved  
f a t a l  in  sev era l anim als w ith in  h a lf  an hour or l e s s .
When the same dose o f compound 48/80 was in je c te d  tw ice in tr a ­
v en o u sly , the se c r e tio n  fo llo w in g  the second in je c t io n  was g r e a tly  
reduced (P ig . 4 ) ,  a dim inished response on repeated in je c t io n s  o f  
compound 48 /80  and other histam ine lib e r a to r s  has been p rev io u sly  
d escribed  (McIntosh & Paton, 1948; Paton & Schachter, 1951> Paton, 
195l)*  In such experim ents no fu rth er  in je c t io n  o f compound 48 /80  
was given  u n t i l  a c id  se c r e tio n  had returned to  b asa l v a lu e s .
The acid  g a s tr ic  s e c r e tio n  on intravenous in je c t io n  o f compound 
48/80  i s  u n lik e ly  to  be due to  h istam ine r e le a se  from the g a s tr ic  
mucosa, s in ce  in je c t io n s  in to  the c o e lia c  artery  were le s s  e f f e c t iv e  
than the intravenous ones. This i s  s t r ik in g ly  demonstrated in  the 
four experim ents recorded in  Table 2 , in  which two in tr a -a r te r ia l  
in je c t io n s  were fo llow ed  by an intravenous one. The tab le  shows 
a lso  the phenomenon observed a f te r  intravenous in je c t io n s  i f  the same 
dose i s  in je c te d  tw ic e , in  th is  ca se  by the in tr a -a r te r ia l  ro u te , the 
secre to r y  response to  the second in je c t io n  i s  g r e a tly  reduced. In the 
experim ent i l lu s t r a t e d  in  P ig . 4> in tr a -a r te r ia l  and intravenous 
in j e c t io n s /
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TABLE 1 .
EFFECT OF DTTRAVEFOHS INJECTIONS OP COMPOUND 48 /80  CBT 
ACID GASTRIC SECRETION.
Weight 
o f ca t 
in  kg
ug 48/80  
per kg
Acid S ecre tio n Maximum 
S ecretory  
S a te , 
m .equiv. 
HCl/min.
T otal
Dose
ug 4&/80
m .equiv.
HC1
Duration
(min)
3 .3 5 16 .5 0 .08 30 0 .004
2 .4 7 16.8 0 .3 1 60 0.008
. 2 .8 7 1 9 .6 0 .21 30 0.011
2 .8 8 22.4 0 .6 1 75 0.019
3 .3 10 33 1 .06 90 0 .020
4 .9 10 49 0 .0 1 90 0.020
4 .0 15 60 1.20 120 0.021
3 .0 20 60 O.65  * 30 0 .026
3 .2 20 64 1.39 120 0.023
4 .0 20 80 1.20 120 0.022
4 .0 20 80 0 .4 1  * 30 0.027
*  Cat d ied  a f t e r  30 min.
.c
qu
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-  43 -
0 020
0015
0 . 0 1 0
0 005
O
6 754O 2 3
Time  —  hou r s
F ig . 4 Acid secre to r y  response in  3 kg c a t ,  fo llo w in g
a lte r n a t iv e  in tr a -a r te r ia l  ( i .A . )  and intravenous  
( i .Y . )  in je c t io n s  o f compound 48 /80; in t r a -a r te r ia l  
in je p tio n s  in to  the c o e l ia c  artery  (10 u g /k g ).
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in je c t io n s  were g iven  a lt e r n a te ly .  The r e s u lt s  i l lu s t r a t e  the grea ter  
e f f ic a c y  o f the intravenous route o f  ad m in istra tion  as w e ll  as the 
dim inution o f s e c r e tio n  on repeated  in je c t io n  whether given  in t r a -  
a r t e r ia l ly  or in tra v en o u sly . When in je c t io n s  o f compound 48 /80  were 
repeated  th ree or four tim es, there was a p ro gressive  reduction  in  
secre to r y  e f f e c t  w ith  each in je c t io n ,  and the dose had sometimes to  he 
in creased  two or th r e e fo ld  in  order to  ob ta in  minimal s e c r e t io n .
While the secre to ry  response rose to  very  high le v e ls  fo llo w in g  
in creased  amounts o f histam ine lib e r a to r  given  by the intravenous  
ro u te , ex ceed in g ly  great amounts were required  to  e l i c i t  se c r e tio n  
when compound 48 /80  was in je c te d  in t r a - a r t e r ia l ly  in to  the c o e lia c  
a r te r y . With in creased  dosage by the in t r a - a r t e r ia l  r o u te , s e c r e tio n  
cou ld  be accounted fo r  in  two d is t in c t  ways. A gradually  in crea sin g  
fr a c t io n  o f the in je c te d  h istam ine lib e r a to r  passed from the p o r ta l 
in to  the gen era l c ir c u la t io n ,  there to  a c t on such d is ta n t  s i t e s  as  
sk in  and s k e le t a l  m uscle; there w as, however, an a d d it io n a l con tr ib u tion  
to  the secre to ry  response from a lo c a l  a c tio n  o f compound 48 /80  on the  
stomach w a ll ,  which could  r e a d ily  be demonstrated by r e s t r ic t in g  the 
c ir c u la t io n  o f the histam ine lib e r a to r  to  the v a scu la r  bed o f the 
stomach. In sev era l experim ents, th e r e fo r e , h igher doses (100-200 ug/kg) 
were in je c te d  in to  the c o e l ia c  artery  and, to  prevent the passage o f  the  
histam ine lib e r a to r  in to  the system ic c ir c u la t io n ,  the p o rta l venous 
system /
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system  o f the animal was obstructed  a t  the porta h ep a tis  a t  the moment 
o f in j e c t io n .  The animal was then b led  o f  20 ml. blood from the congested  
p o r ta l v e in  v ia  a cannula t ie d  in to  the su p erior  m esenteric v e in ,  w hile  
slow  intravenous in fu s io n  o f 20 ml. dextran was g iv e n . Normal p o r ta l 
blood flow  was then r e -e s ta b lish e d . The r e s u lt s  o f f iv e  such experim ents 
are shown in  Table 3 . I t  i s  u n lik e ly  th a t compound 48 /80  escaped in  
e f f e c t iv e  amounts in to  the gen era l c ir c u la t io n ,  as may be deduced from 
the fo llo w in g  c o n tro l experim ent. The p o r ta l v e in  was punctured a f te r  
the v e n e -se c t io n  and 5 blobdremoved, h ep arin ized , cen tr ifu g ed  and th e  
plasma passed through an i s o la t e d ,  perfused  sk in  preparation (Feldberg & 
Paton, 1951) from the th ig h  o f the same anim al. Histamine r e le a se  from 
the preparation  was n e g l ig ib le ,  in d ic a t in g  removal o f most o f  the histam ine  
l ib e r a to r .
In the above experim ents the secre to r y  response was not due to  an 
a c tio n  o f  the histam ine l ib e r a to r  on d is ta n t  organs. In the experim ents 
o f Table 4* however, in  which 20 or 40 ug/kg were in je c te d  in to  the 
c o e l ia c  a r te r y , some o f the secre to r y  response may be accounted fo r  in  
such manner, s in ce  no precautions were taken to  prevent escape o f  
histam ine lib e r a to r  in to  the general c ir c u la t io n .  But even in  th ese  
experim ents part o f the secre to ry  response must be a ttr ib u te d  to  a lo c a l  
e f f e c t  o f compound 48/ 8O on the g a s tr ic  mucosa, fo r  the fo llo w in g  reasons 
i f  the e f f e c t s  were due in  the main to  r e le a s e  from d is ta n t organs, 
in tr a p o r ta l in je c t io n s  should be more e f f e c t iv e  than in t r a - a r t e r ia l ,  
an argument v a l id  only on the assumption th a t the l i v e r ,  w ith i t s  low 
h ista m in e /
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TABLE3 2 .
COMPARISON Off ACID GASTRIC SECRETION PROVOKED BY REPEATED 
INTRA-ARTERIAL ARP UN TRA-VENOUS INJECTIONS OF COMPOUND 48 /80;  
UN TEA-ARTERIAL INJECT IONS INTO THE COELIAC ARTERY.
Weight o f  
oat in  
kg
ug 48 /80
per
kg
T ota l dose
ug 48 /80
Route of 
in je c t io n
Acid S ecre tio n
ra.equiv.
HC1
Duration
(min)
4 .2 8 3 3 .6 I .A . 0 .0 8 30
I .A . 0 .0 3 30
I .V . 0 .3 1 60
4 .9 10 49 I .A . 0 .1 5 30
I .A . 0 .03 30
I .V . 0 .8 1 90
3 .5 15 52 .5 I  .A . 0 .23 30
I  .A . 0 .0 7 30
I .V . O.98 90
4 .0 20 80 I .A . 0 .5 8 90
I  .A. 0 .1 9 30
I .V . 1 .08 120
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JABIE 3 .
EFFECT OF INJECTION OF COMPOUND 48/80 INTO THE COELIAC 
4RTERY WITH SUBSEQUENT PORTAL VENESECTION.
Weight of 
ca t in  kg
ug 48/ 8O
per kg
T ota l dose 
ug 48/80
Acid se c r e t io n
ra.equiv. HC1 Duration
(min)
3 .0 100 300 0 .3 5 60
3 .1 100 310 0 .32 60
2 .5 200 500 0 .5 4 75
3 .2 200 640 0 .5 7 60
4 .5 200 900 1.07 75
TABLE 4 .
SUCCESSIVE INTRAPORTAL AND IffTRA-ATRIAL (COELIAC) INJECTIONS CF 
COMPOUND 48/80  COMPARED".
Weight 
o f ca t  
in  kg.
ug 48/80
per
kg
T ota l 
dose 
ug 4§/8o
T ota l a c id  secre te d  (mEq. HCl)
In tr a -
p o r ta l
In tra
a r t e r ia l
In tra
p o r ta l
In tra
a r te r ia l
In tra
p o r ta l
3 .4 20 68 _ 0 .53 0 .31 0 .21 0 .20
4 .2 20 84 - 0 .6 8 0 .11 0 .23 0 .0  6
’ ■ 3.4 40 136 0 .42 0 .7 6 0 .2 0 0.13 -
4 .0 40 160 0 .6 0 1.53 0 .4 4 0 .29 -
. c
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0  0 2 0  n
0 - 0 1 5  -
0 -0 1 0  -
0 - 0 0 5  -
E
4 5o 2 3
T im e  — hours
P ig . 5* Acid secre to r y  response in  4 kg c a t ,  fo llo w in g  a lte r n a te  
in tr a p o r ta l (I»F») and in tr a a r te r ia l  ( i .A . )  in je c t io n s  o f  
compound 48 /80; in t r a - a r t e r ia l  in je c t io n s  in to  the c o e l ia c  
a rtery  (40 u g /k g ).
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histam ine co n ten t, does not p a r t ic ip a te  in  the histam ine r e le a se  to  
any great e x te n t . However, the op p osite  r e su lt  was ob tained , as seen  
in  Table 4* In the f i r s t  two experim ents the i n i t i a l  in je c t io n  was 
in t r a - a r t e r ia l ,  in  the second two in tr a p o r ta l , but in  a l l  four  
experim ents o f Table 4 the in t r a - a r t e r ia l  in je c t io n s  were more 
e f f e c t iv e  than in  in tr a p o r ta l ones. The secre to ry  e f f e c t  a f te r  the  
in tr a p o r ta l in je c t io n s  can be assumed to  r e s u lt  m ostly from histam ine  
re le a se  in  sk in  and s k e le t a l  m uscle, a f t e r  c ir c u la t io n  o f histam ine  
l ib e r a to r  through the l i v e r ,  and might be compared w ith  a g r e a tly  
reduced and delayed in tra -ven ou s e f f e c t ;  but the g rea ter  secre to ry  
e f f e c t  o f  the in t r a - a r t e r ia l  in je c t io n s  must be due to  an a d d it io n a l  
a c tio n  o f compound 4&/80 on the mucosa. P ig . 3 i l lu s t r a t e s  the la s t  
experiment o f Table 4 iu  g rea ter  d e t a i l ;  the in tr a -a r te r ia l  in je c t io n  
of compound 48/80 i s  productive o f g rea ter  ac id  g a s tr ic  s e c r e tio n  than 
the in tr a p o r ta l in j e c t io n s .  The second in tr a -a r te r ia l  in je c t io n  o f  
histam ine l ib e r a to r , however, provokes l i t t l e  a c id  g a s tr ic  s e c r e t io n ,  
and i t  seems as though a sm all fr a c t io n  only o f the a v a ila b le  h i s t -  
samine in  the stomach w a ll i s  r e lea sed  under the co n d itio n s o f th is  
experim ent. (Table 5)•
The fo llo w in g  r e s u lt s  obtained by exam ination o f p o rta l blood  
su g g ests  th a t compound 48 /80  a c ts  by r e le a s in g  histam ine in  sm all 
amount from the mucosa and not by a d ir e c t  a ction  on the p a r ie ta l  
c e l l s .  The plasma h istam ine in  the venous blood from the stomach 
r o se /
TABLE 5 .
HISTAMINE ACTIVITY OF PORTAL BLOOD AFTER INJECTICN OF 
COMPOUND 48 /80  INTO THE COELIAC ARTERY.
Weight o f 
ca t in  kg
ug 48 /80
per kg
T ota l 
dose 
ug 48/80
I n i t i a l  
plasma 
histam ine  
(u g /m l.)
Maximum
plasma
histam ine
(u g /m l.)
T ota l
Histamine
output
(ug)
2 .6 20 52 — 0 .0 1 0 .0 1
3 .4 20 68 - 0 .02 0 .1 8
3 .2 25 80 < 0 .0 1 0 .07 0 .7 5
3 .6 30 108 < 0 .0 1 0 .1 6 1 .02
3 .3 40 132 < 0 .0 1 0 .1 2 1 .27
rose ir r e g u la r ly  and in  sm all amount a f t e r  an in je c t io n  o f compound 
4 8 /80  in to  th e c o e l ia c  a r te r y . In Table 5 i s  g iven  the maximal 
histam ine content per ml. plasma in  the four or f iv e  5 samples of 
p o r ta l b lood  removed a f t e r  each in je c t io n .  The t o t a l  histam ine output 
from the stomach w a ll could  be a sse sse d  by determ ining the histam ine  
eq u iva len t o f each plasma sample. By reading the volumes o f each  
plasma sample in  the graduated c en tr ifu g e  tu b es , the t o t a l  plasma 
histam ine o f  each sample cou ld  be determ ined. The t o t a l  histam ine  
output a f t e r  in je c t io n  o f histam ine l ib e r a to r  was obtained by summation 
o f the amounts by which the t o t a l  plasma histam ine o f each sample 
exceeded the va lu es fo r  the co n tro l sam ple. These r e s u lt s  suggest th at  
w h ile /
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w h ile  the main hulk o f the h istam ine in  the stomach i s  probably not 
r e le a s e d , compound 48/80  c e r ta in ly  g iv e s  r i s e  to  an output o f h i s t -  
:amine in  the venous e f f lu e n t  from the stomach. This h istam ine  
probably ex er ts  i t s  a c tio n  lo c a l ly ,  when re lea sed  in  the neighbourhood  
o f the p a r ie ta l c e l l s ,  as w e ll  as a f t e r  c ir c u la t io n  from the p o r ta l 
in to  the system ic c ir c u la t io n . This i s  suggested  by the f a c t  th at  
compound 48/80  on in je c t io n  in to  the c o e lia c  artery  i s  more e f f e c t i v e ,  
but on in je c t io n  in to  the su p er io r  m esenteric artery  le s s  e f f e c t i v e ,  
than in tr a p o r ta l in je c t io n .  The mucosa o f  the sm all in te s t in e  i s  as 
r ic h  in  h istam ine as the g a s tr ic  mucosa, and i f  compound 48 /80  were 
to  l ib e r a te  from both mucosae eq u a lly  w e l l ,  or i f  the acid  g a s tr ic  
s e c r e tio n  were due to  passage o f the histam ine lib e r a to r  from p o rta l 
to  system ic c ir c u la t io n , then both in tr a -a r te r ia l  in je c t io n s  should  
be uniform ly e ith e r  more or le s s  e f f e c t iv e  than in tr a p o r ta l in je c t io n s .  
The r e s u lt s  of Table 6 show th a t compound 48/80  was le s s  e f f e c t iv e  
when given  by the su perior m esenteric route than by the in tr a p o r ta l 
rou te; the enhanced se c r e tio n  a f te r  in tr a c o e lia c  in je c t io n s  may then  
be a ttr ib u te d  to  the lo c a l a c tio n  o f re lea sed  h istam in e, in  add ition  
to  the sm all amounts o f histam ine re lea sed  in to  the p o rta l and passing  
in to  the gen era l c ir c u la t io n .
The above deductions a re , however, only v a lid  to  a c e r ta in  e x te n t ,  
because the e f fe c t iv e n e s s  o f a given  dose of compound 48/80 in  r e le a s in g  
mucosal histam ine would be dependent on the s iz e  o f the c a p il la r y  bed 
in  which i t  a c ts  a f te r  in j e c t io n .  The su p erior  m esenteric a r t e r ia l  
t e r r it o r y /
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t e r r ito r y  c o n s t itu te s  a g rea ter  "bulk in  which the h istam ine lib e r a to r  
i s  d is tr ib u te d , w ith  consequent dim inution o f con cen tration  o f  h istam ine  
lib e r a to r  reaching the in t e s t in a l  t i s s u e s ,  so  th a t the d iffe r e n c e s  
observed could  be p a rtly  accounted fo r  on these l in e s  as w e l l .  F in a l ly ,  
i t  should be mentioned th a t i t  i s  not p o ss ib le  to  compare q u a n t ita t iv e ly  
the r e s u lt s  given  in  Table 4 w ith  those o f  Table 6 , because the former 
r e s u lt s  were obtained in  p a r tly  e v isc e r a te  anim als.
TABLE 6.
SUCCESSIVE INTRAPORTAL AND INTBA-ASTERIAL (SUPERIOR 
MESENTERIC) INJECTIONS OF COMPOUND 4 8 /8 0 7
Weight 
o f ca t  
in  kg
ug 48 /80  
per kg
T ota l 
dose 
ug 48^80
T ota l a c id  secre te d  (mEq. HCl)
In tra ­
p o rta l
In tr a ­
a r t e r i a l
I n tr a -
p o r ta l
In tr a -
a r t e r ia l
I n tr a -
p o r ta l
3 .1 20 62 - 0 .2 2 O.52 0 .1 5 0 .1 5
,4 .0 20 80 - 0 .3 6 0 .6 8 0 .1 6 0 .2 7
3 .0 40 120 O.5 6 0 .2 1 0 .21 0 .0 8 -
3 .8 40 152 0 .8 6 0 .3 0 0 .22 0 .1 5 —
DISCUSSION.
While i t  had been shown p rev io u sly  th at histam ine lib e r a to r s  cause  
a c id  s e c r e t io n , i t  had not been determined whether th is  se c r e tio n  was 
e l i c i t e d  by histam ine r e le a se  lo c a l ly  or from d is ta n t  s i t e s .  The g a s tr ic  
mucosa i s  r ic h  in  h istam in e, p a r t ic u la r ly  in  the region  o f the p a r ie ta l  
c e l l s ,  and i t  could  be surm ised th at the r e le a se  o f th is  histam ine i s  
the n ecessary  fa c to r  in  the a c id  secre to r y  response to  compound 48/ 80 .
On/
-  53 -
Cta. the o ther hand, i t  i s  known th a t the h istam ine in  sk in  and s k e le t a l  
muscle i s  r e a d ily  r e lea sed  by histam ine lib e r a to r s  and th is  h istam in e , 
on en ter in g  the gen era l c ir c u la t io n ,  might a lso  provide an e f f e c t iv e  
stim ulus fo r  the p a r ie ta l  c e l l s .
Our r e s u lt s  have shown th a t the stron g  secre to ry  response of the 
p a r ie ta l  c e l l s  in  the c a t ’s stomach, on intravenous in je c t io n  o f  compound 
4 8 /8 0 , i s  due not to  an e f f e c t  o f the histam ine lib e r a to r  on the g a s tr ic  
mucosa i t s e l f  but on d is ta n t  t i s s u e s ,  such as sk in  and s k e le t a l  m uscle.
The h istam ine re lea sed  from th ese  s i t e s  a c ts  in  turn as a stim ulus to  
the p a r ie ta l  c e l l s .  This con clu sion  i s  based on comparison o f the  
secre to r y  response on in travenous in je c t io n s  and on in je c t io n s  in to  
the c o e l ia c  a r te r y , the intravenous in je c t io n  being fa r  more e f f e c t i v e .
N e v e r th e le ss , compound 48 /80  i s  ab le  to  a c t lo c a l ly  on the g a s tr ic  
mucosa, thereby producing a d d itio n a l a c id  s e c r e t io n . Otherwise i t  would 
be d i f f i c u l t  to  ex p la in  the g rea ter  e f f ic a c y  o f the in tr a c o e lia c  over 
the in tr a p o r ta l in j e c t io n s .  I t  i s ,  however, u n lk ie ly  th a t compound 
4 8 /8 0 , when in je c te d  in traven ou sly  in  u sual dosage, reaches the g a s tr ic  
mucosa in  a con cen tration  s u f f i c ie n t  to  produce th is  lo c a l  e f f e c t .
S in ce  histam ine in  sm all amount could o c c a s io n a lly  be d etected  in  
the p o r ta l blood a f te r  in tr a c o e lia c  in je c t io n  o f compound 4 8 /8 0 , the 
a c id  g a s tr ic  se c r e tio n  r e s u lt in g  from such an in je c t io n  i s  probably the result 
o f lo c a l  r e le a se  o f  h istam ine in  the g a s tr ic  mucosa. In the main, 
however, the mucosal h istam ine appears to  be resistsuat to  the a c tio n  
o f /
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o f the h istam ine l ib e r a to r ,  s in c e  the secre to r y  a c t iv i t y  s ig n i f i e s  
an amount re lea sed  c o n s t itu t in g  on ly  a very  sm all fr a c t io n  o f the  
a v a ila b le  h istam in e.
The con clusion  th a t the h istam ine o f  the g a s t r o - in te s t in a l  w a ll  
i s  l e s s  su sc e p tib le  to  compound 48 /80  than the h istam ine o f sk in  and 
s k e le t a l  muscle i s  supported by the f in d in g s  o f Mongar & S c h ild  (1952) 
on incu b ation  o f is o la t e d  gu in ea -p ig  t is s u e  compound 4 8 /8 0 . A g rea ter  
fr a c t io n  o f  the t o t a l  histam ine was re lea sed  from sk in  and s k e le t a l  
muscle than from stomach and in t e s t in a l  t i s s u e .  Furthermore, F eldberg, 
Paton & Schachter (p erson a l communication) observed th a t compound 48 /80  
re le a se d  histam ine ir r e g u la r ly  and in  sm all amount from the stomach and 
in te s t in e  o f c a ts  and dogs on in t r a - a r t e r ia l  in je c t io n  in to  th ese  organs 
in  s i t u ,  or in  is o la te d  perfused  p rep aration s.
The reason why the histam ine in  the g a s tr o - in te s t in a l  w a ll i s  le s s  
su sc e p t ib le  to  re le a se  than th a t o f sk in  and s k e le t a l  muscle i s  as y e t  
unknown, nor has i t  as y e t  been determined from which la y er  and from 
which s tr u c tu r e s  in  the w a ll o r ig in a te s  the sm all amount o f histam ine  
which i s  re lea sed  by compound 48 /80  and d etected  in  the p o rta l b lood .
The fa c t  th a t in tr a c o e lia c  in je c t io n s  cause ac id  g a s tr ic  s e c r e tio n  
su g g ests  th a t some o f the re lea sed  h istam ine i s  derived  from the mucosa.
A p o s s ib le  reason which may be advanced to  exp la in  th is  f in d in g  i s  
th a t much o f the h istam ine o f  the body i s  now known to  res id e  in  the  
mast c e l l s .  (R iley  and W est, 1953). Mast c e l l  histam ine i s  r e a d ily  
in flu en ced  by histam ine lib e r a to r s j  u sin g  flu o resce n t histam ine l ib e r ­
a t o r s  mast c e l l s  have been shown to  lo s e  th e ir  granules when th ^
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the f lu o r e sc e n t  histam ine r e le a s in g  agents en ter  the c e l l s ,  w ith  
consequent d im inution in  the h istam ine con ten t o f the t i s s u e .  Mast 
c e l l s  were much le s s  freq u en tly  seen by Mota (1956) in  g a s tr o in te s t in a l  
t is s u e  than in  sk in  and s k e le t a l  m uscle; but the g a s tr ic  mucosa had a 
high er population  o f  th ese  c e l l s  than any other part o f  the d ig e s t iv e  
t r a c t .  Mota e t  a l .  (1936) express the op in ion  th a t one part o f  the  
histam ine o f  the g a s tr ic  mucosa i s  o f  mast c e l l  o r ig in . I f  the  
histam ine fr a c t io n  in  g a s tr ic  t i s s u e ,  r e a d ily  r e lea sed  by compound 
4 8 /8 0  to  provide a c id  s e c r e t io n ,  i s  r e le a se d  by other s t im u li ,  i t s  
fu n ctio n  in  g a s tr ic  t is s u e  might be to  i n i t i a t e  the a c id  se c r e to r y  
p r o c e ss . This h istam ine fr a c t io n  might be the one which primes the 
pump o f  a c id  s e c r e t io n .
The h igher r e s is ta n c e  to  r e le a se  by compound 48 /80  o f  the main 
bulk o f the mucosal h istam in e, compared w ith  th a t o f  sk in  and s k e le ta l  
m ucles, may be r e la te d  to  d if fe r e n c e s  in  the fu n ctio n s o f  h istam ine in  
th ese  d if f e r e n t  t i s s u e s .  B elease  o f  h istam ine in  the sk in  probably 
c o n s t itu te s  a p h y s io lo g ic a l rea c tio n  a g a in st  in ju r y , as suggested  so  
co n v in c in g ly  fo r  the human su b jec t by Lewis (1927)* While histam ine 
cou ld  con ceivab ly  ex er t a s im ila r  fu n ction  in  the g a s tr o - in te s t in a l  
t r a c t ,  i t  might a ls o  be r e la te d  to  lo c a l  hormonal co n tro l o f  s e c r e tio n  
and ab sorp tion , as has been suggested  by d if fe r e n t  authors (Sacks, Iv y , 
Burgess & Vandolah, 1932; M cIntosh, 1938; Emmelin & Kahlscn, 1944; 
D ouglas, F eldberg, Paton & S ch ach ter, 1951)* There i s  the p o s s ib i l i t y  
t h a t /
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th a t the glands o f the a lim entary tr a c t  e lim in a te  the h istam ine from 
the c ir c u la t io n  hy e x c r e tio n , s in ce  i t  i s  a noteworthy fa c t  th a t  
histam ine i s  a co n stitu e n t o f g a s t r ic ,  p an creatic  and in t e s t in a l  ju ic e .  
Babkin (1944) b e liev ed  th at h istam ine was the f in a l  common lo c a l  agent 
n ecessary  fo r  g a s tr ic  s e c r e t io n , reg a rd less  o f  the stim ulus used to  
e x c ite  such secre to ry  a c t iv i t y .  He fu rth er  b e liev ed  th a t histam ine was 
r e lea sed  in  proxim ity to  and passed through the p a r ie ta l  c e l l  under a l l  
normal se c r e to r y  c ircu m stan ces. Our r e s u lt s  are in  agreement w ith  such  
a v ie w , s in ce  a sm all amount o f  h istam ine on ly  could be d e tec ted  in  the  
p o r ta l blood by b io lo g ic a l  a ssa y , in  the p resen ce , n e v e r th e le s s , o f  
stron g  secre to r y  a c t iv i t y .  The p o s s ib i l i t y  e x i s t s ,  th e r e fo r e , th a t the  
histam ine i s  e lim in ated  by the p a r ie ta l  c e l l ,  a mechanism which w u ld  
serve a u s e fu l fu n ction  in  h e lp in g  to  p ro tec t the organism a g a in st the 
system ic e f f e c t s  o f  t h i s  ag en t. Emmelin (1951) has r e c e n tly  shown th at  
histam ine d isappears more q u ick ly  from th e blood on i t s  passage through  
the in te s t in e  than through the lower lim bs, an e f f e c t  which he a ttr ib u te d  
to  enzymic d estru ctio n  o f the histam ine in  the mucosa. I t  might be th a t  
some o f  the h istam ine was taken up by the mucosa fo r  the purpose o f  
la t e r  e lim in a tio n  in  a d d itio n  to  d estru ctio n  by h istam in ase. Such an 
a c t iv i t y  as t h is  would p a r tly  exp la in  the great in d iv id u a l v a r ia tio n s  
in  histam ine content o f normal g a s tr ic  mucosae.
SUMMARY.
1. Compound 4 8 /8 0 , when in je c te d  in traven ou sly  in  doses o f 5 ug/kg  
or more in to  c a t s ,  causes a c id  g a s tr ic  s e c r e t io n . Repeated in je c t io n s
le s s e n /
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le s se n  the secre to r y  resp on se .
2 . The secre to r y  response to  compound 4 8 /80  when in je c te d  in t r a -  
svenously i s  not due to  an a c tio n  o f  the histam ine l ib e r a to r  on 
the g a s tr ic  mucosa, because in je c t io n s  in to  the c o e l ia c  a rtery  are 
l e s s  e f f e c t iv e  than intravenous ones. I t  i s  probably accounted fo r  
e n t ir e ly  or alm ost e n t ir e ly  by r e le a se  o f histam ine from d is ta n t  
organs such as sk in  and s k e le t a l  m uscle.
3 .  The s e c r e t o r y  response to  compound 48/ 8O on in je c t io n  in to  the  
c o e l ia c  a r te r y , however, i s  apparently due to  a lo c a l  e f f e c t  on the  
mucosa, s in c e  se c r e tio n  e l i c i t e d  in  th is  way i s  g rea ter  than th at  
obtained  w ith  the same dose in je c te d  in tr a p o r ta lly .
4 . Compound 48/ 8O in je c te d  in to  the c o e l ia c  artery  probably a c ts  by 
r e le a se  o f a sm all fr a c t io n  of the mucosal h istam in e, s in ce  i t  may 
lead  to  tem porarily  in creased  plasma histam ine le v e ls  in  the venous 
e f f lu e n t .  A sm all fr a c t io n  o f the h istam ine in  g a s tr ic  t i s s u e ,  such  
as i s  r e le a se d  by h istam ine l ib e r a to r s ,  may be r e a d ily  re lea sed  to  
a c t iv a te  the a c id  secre to r y  p ro cess .
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CHAPTER TWO,
RELEASE OP HISTAMINE BY THE HISTAMINE LIBERATOR 
COMPOUND 4 8 /8 0 .
U sing a c id  s e c r e tio n  in  c a ts  as a measure o f the ex ten t o f  
histam ine re le a se  by compound 48/ 8 0 , one must conclude th a t on ly  
a part o f the histam ine o f the alim entary tr a c t  can he r e lea sed  
by t h is  sy n th e tic  h is ta m in e -re lea s in g  agen t. In th is  chapter th is  
opin ion  i s  confirm ed by measurements o f the e f f e c t  o f compound 48 /80  
on the histam ine conten t of the alim entary tr a c t  and other v is c e r a ,  
sk in  and s k e le t a l  muscle o f the ca t are now d escr ib ed . I t  was found 
th a t the histam ine o f  the sk in  was most su sc e p tib le  to  the a c tio n  of 
compound 48/ 8 0 $ reductions were a ls o  observed in  s k e le ta l  m uscle, 
lungs and in  the g a s t r o - in te s t in a l  t r a c t ,  where they occurred p r in c ip a lly  
in  the corpus region  o f the stomach. Control experim ents were made in  
which histam ine was adm inistered in  such a way as to  produce prolonged  
e f f e c t s ,  because in ten se  secre to r y  a c t iv i t y ,  consequent on the entry  
o f large amounts o f h istam ine in to  the general c ir c u la t io n ,  might have 
been resp on sib le  fo r  the dim inution in  histam ine content o f the stomach 
a sso c ia te d  w ith  prolonged treatm ent w ith  compound 48/ 80 .
METHODS.
C ats, 2-4 kg in  w eigh t, were used throughout and, u n less  otherw ise  
s t a t e d /
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s ta te d ,  were a n a esth e tized  w ith  ch lo r a lo se  a f t e r  e th y l c h lo r id e  and 
e th er  in d u c tio n , fo llow ed  by tracheotom y. In a l l  experim ents in v o lv in g  
estim a tio n  o f  a c id  secre to ry  a c t iv i t y ,  the r ig h t ca ro tid  a r ter y  was 
cannulated  fo r  the recording o f blood p ressure; dextran was used to  
r e s u s c ita te  anim als w ith  profound h ypoten tion .
Intravenous in je c t io n s  were made through a cannula in se r te d  in to  
the r ig h t  fem oral v e in ,  intravenous in fu s io n s  being adm inistered  by 
a tta ch in g  th is  to  a b u rette  w ith  a lim ite d  a ir  in take a t  i t s  upper* 
end (d ev ised  by means o f  in se r t in g  c a p il la r y  g la s s  tubing through a 
rubber bung) so th a t a constant ra te  o f in fu s io n  could be guaranteed. 
I n tr a -a r te r ia l  in je c t io n s  in to  the c o e lia c  artery  were made v ia  a 
cannula in se r te d  in to  the h ep atic  artery  and guarded by an adaptor 
w ith  a two-way stop -cock  f i t t i n g .  I n tr a -a r te r ia l  in je c t io n s  in to  the 
su p er io r  m esenteric and fem oral a r te r ie s  were made by d ir e c t  puncture 
o f  su ita b le  s id e  branches.
Blood samples were obtained as fo llo w s:  a r t e r ia l  samples were 
rece iv ed  in to  a te s t - tu b e  d ir e c t ly  from the severed r ig h t fem oral 
a r te r y , heparin ized  w ith  0 .0 2  ml. heparin per ml. blood and c e n tr i -  
:fuged a t 2000 rev/m in fo r  5 min. Venous blood was obtained by 
puncture o f the e x ter n a l ju gu lar v e in s  and trea ted  lik e w ise .
S evera l t is s u e s  were examined fo r  th is  histam ine co n ten t.
Duodenal t is s u e  was ex c ise d  ju s t  proximal to  the ampulla o f V ater, 
ileum  was taken 5 cm from the ile o o a e c a l v a lv e , and co lo n ic  t is s u e  
a t the mid part o f the large bowel. The stomach, secured a t cardia  
and pylorus w ith  l ig a tu r e s ,  was removed, washed and examined, i f
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i f  n ecessary  w ith  b in ocu lar le n s e s .  Corpus and p y lo r ic  reg io n s were 
pinned out on a cork board and the rauscularis externa d is s e c te d  free  
w ith  Mayo s c i s s o r s .  The mucosa, w ith  submucosa adherent on the ou ter  
su r fa c e , was pinned so  th a t the musocal asp ect faced  upwards, and 
removed w ith  a b lunt k i i f e  from the w h itish  la y er  o f the submucosa.
T issu e samples were then weighed and ground in  a mortar in  IT or  
N/3-HC1 (2  m l./g )  w ith  sand and d i s t i l l e d  water (10 m l . / g . ) .  The 
co n ten ts  o f  the mortar were washed w ith  s a lin e  in to  a 25 ml. f la s k  
and b o ile d  g en tly  fo r  1 min; B.D.H. in d ic a to r  was added and the  
so lu t io n  n e u tr a liz e d  w ith  H or U/lO-iTaOH and d ilu te d  to  known concen­
t r a t io n s  which were assayed  on the a tro p in ized  gu in ea-p ig  ileum  
p rep aration . (F ig . 1 ) .  A ll  h istam ine v a lu es  r e fe r  to  the b ase.
When plasma samples were assayed  on the gu in ea-p ig  ileum , they  
o c c a s io n a lly  produced a slow  co n tra ctio n  which made a p rec ise  
histam ine assay  d i f f i c u l t .  This con traction  was not ab o lish ed  by 
mepyramine raaleate; th ese  samples were assayed  on the a r t e r ia l  blood  
p ressure o f the e v isc e r a te  c a t .
T issue a f fe c te d  by the p a th o lo g ica l change was reta in ed  in  form alin . 
At a la t e r  date wax s e c t io n s  were made and examined under the m icroscope, 
a f t e r  routine s ta in in g  w ith  haem atoxylin and e o s in .
Compound 48 /80  was in je c te d  in tr a p e r ito n e a lly  d isso lv ed  in  s a l in e .  
Histamine was adm in istered  as h istam ine a c id  phosphate (dosage c a lc u l­
a t e d  as b a se ); in  f iv e  anim als i t  was adm inistered d isso lv ed  in  beeswax 
in t o /
* Appendix.
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F ig  1 i l lu s t r a t e s  the o u tlin e  o f  the method, fo r  b io lo g ic a l
assay  o f h istam in e. The gu in ea-p ig  ileum  i s  suspended 
in  Tyrode so lu tio n  to  which the drug i s  added. The 
smooth muscle of the in t e s t in a l  s t r ip  con tracts and 
a c t iv a te s  a le v e r  carrying a w r itin g  p o in t, which 
records the con traction  as a v e r t ic a l  stroke on 
smoked drum.
1 -  fr o n ta l w r itin g  le v e r :  2 ,3 ,7  -  i n l e t ,  c o i l ,  and o u t le t  fo r  
Tyrode so lu tio n :  4 -  heater: 5 - 1 8  ml. hath: 6 -  0^ and CO^  
supp ly . The g u in ea -p ig 's  ileum  i s  attached  by means o f an anchoring  
thread to  the bath and p u lls  on the fro n ta l w r itin g  le v e r .
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in to  the d orsa l musculature o f the c a t ,  as d escrib ed  "by Code & Varoo 
(1942) fo r  dogs. The beeswax was purer than most sam ples, w ith  too  
high a m elting p o in t , and was accord in g ly  a d u ltera ted  w ith  y e llow  
s o f t  p a ra ffin  which g r e a tly  f a c i l i t a t e d  a d m in istra tio n . D a ily  
in je c t io n s  o f 20-40 mg were intended  to  be g iv e n , but a fr a c t io n  o f  
the amount to  be in je c te d  remained in  the sy r in g e , because o f the 
v isc o u s  nature o f the beeswax. The amounts intended to  be in je c te d  
d a ily  during the f i r s t  7-10 days were 20 mg, during the fo llo w in g  
5-7 days 30 mg, and during the la s t  5-10 days 40 mg. I f  the histam ine  
had been com plete in je c te d  each tim e, i t  would have amounted to  a t o t a l  
o f  between 400 and 700 mg. the a c tu a l t o t a l  amounts in je c te d , however, 
were between 350 and 450 nig*
RESULTS.
Histamine Content o f Cats* T issu es .
S in ce  the histam ine conten t o f the t is s u e s  v a r ie s  in  in d iv id u a l 
c a t s ,  i t  was n ecessary  to  obtain  a s u f f ic ie n t  number o f va lu es  fo r  the 
normal h istam ine conten t in  order to  have a r e l ia b le  b a sis  fo r  compar- 
sison  w ith  the h istam ine va lu es  obtained a f te r  treatm ent w ith  compound 
4 8 /8 0 . In Table 1 va lu es are given fo r  various t is s u e s  o f ten normal 
c a t s .  The two areas o f sk in  examined in  a l l  the animals were the f in e  
sk in  o f the ear and the sk in  o f the abdominal w a ll ,  th ese  areas having 
been chosen because Feldberg & M iles (1953) had found that there are 
great reg io n a l v a r ia tio n s  in  the content o f the sk in  and that the
h ig h e s t /
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h ig h est v a lu es  were obtained from the e a r , whereas the abdominal sk in  
represented  a region  o f  r e la t iv e ly  low histam ine co n ten t. The sk in  o f  
the e y e l id s  and n a sa l area adjacent to  the b r is t le s  gave v a lu es  in t e r ­
m ed ia te  between th ose recorded fo r  the sk in  o f the ear and abdomen.
Of the v is c e r a ,  the duodenum and lung contained  the h ig h est amounts 
o f h istam in e. The average v a lu es  were 40 and 35 ug /g  r e s p e c t iv e ly ;  
th ese  v a lu e s ,  however, were lower than those fo r  the sk in  o f  the ear  
(96  u g /g ) .  The v a lu es  fo r  the stomach, ileum  and colon  lay  between 
29 and 11 u g /g  and were o f  about the same order as th ose o f the  
abdominal sk in . A ll  other t is s u e s  examined y ie ld e d  low histam ine  
v a lu e s , the average va lu e fo r  the sp leen  was about 8 ^ug/g, whereas 
the v a lu es  fo r  s k e le t a l  m uscle, l i v e r ,  pancreas and kidney var ied  
between 3 .5  and 1 .2  u g /g .
HISTAMINE C CM TENTS OF CATS^TISSUES AFTER INJECTION 
OP HISTAMINE LIBERATOR.
i )  E f fe c t s  o f intravenous in je c t io n s  o f  compound 4 8 /8 0 .
A s in g le  intravenous in je c t io n  of 10 or 20 ug/kg compound 48/80  
produced l i t t l e  d e tec ta b le  change in  the histam ine content o f  the 
organs, except perhaps in  the skin  o f the ear and n asa l area  
20 ug/kg produced a s l ig h t  red u ction . With 50 ug/kg there was a 
d e f in it e  reduction  in  the histam ine content o f the sk in ; in  the f in e  
sk in  o f  the ear and e y e l id  i t  amounted to  almost 40$ , in  t&e n a sa l
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area to  about 30$, and in  the abdominal sk in  to  about 20$, but the  
histam ine o f  s k e le t a l  muscle and o f  the w a ll o f  the d ig e s t iv e  tr a c t  
remained r e la t iv e ly  u n a ffected  (Table 2 ) .
The in je c t io n s  caused a tr a n s ie n t in crea se  in  the h istam ine o f  
the plasm a, m aintained longer w ith  50 ug/kg than w ith  le s s e r  dosage.
This in crea se  subsided w ith in  45 mi n and was th e r e a fte r  succeeded by 
subnormal le v e ls  in  se v e r a l experim ents (Table 2 ) .
i i )  E f fe c t s  o f in je c t io n s  o f compound 48 /80  in to  the o o e lia c  and
in to  the m esenteric su perior a r te r y .
In je c t io n s  o f  compound 48/80  in to  the c o e lia c  a rtery  r e s u lt  in  
a c id  se c r e t io n  which i s  probably due p a r tly  to  lo c a l  r e le a se  o f h i s t -  
samine but mainly to the a c tio n  of the histam ine lib e r a to r  on the 
histam ine o f sk in  and s k e le t a l  m uscle. Animals k i l l e d  a f t e r  in tr a c o e lia c  
in je c t io n s  o f  20-50 ug/kg compound 48/80  showed l i t t l e  d e tec ta b le  
change in  the histam ine content o f the stomach w a ll ,  sk in  and s k e le ta l  
m uscle. In animals k i l l e d  a f te r  100 ug/kg there was a d e f in it e  change 
in  the d is tr ib u t io n  o f  histam ine on the stomach mucosa, as w e ll  as 
low ering o f the histam ine content o f sk in  and s k e le ta l  m uscle. Normally 
the histam ine conten t per gramme mucosa of the corpus i s  grea ter  than 
of the p y lo r ic  region  (Table l ) .  A fter  100 ug/kg compound 48/80 the 
reverse  was found, the change being accounted fo r  by a reduction in  the 
histam ine of the corpus mucosa (Tables 3 and 6 ) . The histam ine content 
o f sk in  o f the ear was reduced by about 28$, of the sk in  of the abdomen 
by about 27$, and th at o f s k e le ta l  muscle by about 6$ (Table 3 ) .
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I n je c t io n s  o f  20 and 50 ug/kg in to  the su p erior  m esenteric  
a rtery  produced no d e tec ta b le  change in  the histam ine con ten t o f  
the in t e s t in a l  t is s u e s  (Table 3)5 100 ug/kg produced s l ig h t  reduction  
o f  h istam ine content o f sk in  and s k e le t a l  m uscle, but no change in  the  
g a s tr o - in te s t in a l  t is su e s*
The plasma h istam ine remained p r a c t ic a lly  u naltered  when 20 ug/kg  
compound 48 /80  were in je c te d  in to  the c o e l ia c  a rtery ; sometimes there  
was a f a l l .  With 50 ug/kg there was a d e f in it e  r i s e ,  fo llo w in g  a f te r  
10 min by a f a l l  below the i n i t i a l  v a lu e s . With 100 ug/kg the r is e  
la s te d  fo r  about 30 min. The in je c t io n s  in to  the m esenteric su perior  
a rtery  a ls o  in creased  the histam ine plasma l e v e l ,  but the r is e  was 
sm aller  than a f t e r  the in tr a c o e lia c  in je c t io n s ,
i i i )  E f fe c ts  o f in tr a p e r ito n e a l in je c t io n s  of compound 4 8 /8 0 .
I n i t i a l  in je c t io n  o f 1 mg/kg compound 48/80 produced s ig n s  of 
p r u r itu s , s a l iv a t io n ,  lachrymation and cyanosis o f ears and n asa l 
a rea , soon fo llow ed  by a s ta te  o f p ro stra tio n  accompanied by tach y-  
spnoea, vom itin g , p r e c ip ita te  m ictu r itio n  and d efa eca tio n . Recovery 
was u sua l in  1-2 hr and as the c ir c u la t io n  improved, the n a sa l area 
and e a r s , form erly co ld  and c y a n o tic , became red and warm; the 
f a c ia l  appearance was then d is to r te d  by oedema around the nose and 
e y e l id s .  In many in sta n ces  there was b r is t l in g  o f the short hairs 
o f  the head, which gave the coat a round appearance. On subsequent 
in je c t io n  the fo llo w in g  day, there was f a c ia l  sw e llin g , occasion al
oedema o f the n ip p le  and g e n ita l  a rea , erythema o f the n a sa l a r e a , 
laohrym ation, s a liv a t io n  and p ru ritu s; p ro stra tio n  was absent or  
s l i g h t .  When the same dose was in je c te d  on the th ird  or fou rth  day, 
the rea c tio n s  were minimal or e n t ir e ly  ab sen t. The d a ily  in je c t io n s  
were then in creased  by 0 .5  mg/kg increm ents every second or th ird  day 
u n t i l  a t o t a l  o f over 30 mg/kg had been given in tr a p e r ito n e a lly  over 
two or three weeks.
Post-mortem f in d in g s . F ive c a ts  were examined postm ortem . Obvious 
g a s tr ic  le s io n s  were recogn ised  in  three c a ts  by subserous haemorrhages 
s l i g h t ly  above the in c isu r a  on the le s s e r  curvature. These co in c id ed  
w ith  frank g a s tr ic  u lc e r a tio n  o f the a c u te  p en etra tin g  type on the  
mucosal a sp ect (F ig . 2 ) .  The rougae o f  the corpus mucosa were sw ollen
and p inker in  appearance than normal, so th a t the con tra st w ith  the
p a l l id  appearance o f the p y lo r ic  region  was exaggerated . E ro sio n s, 
both healed  and unhealed , were o ften  p resen t, and the mucosa surround- 
:in g  such le s io n s  was 'peppered1 w ith  haemorrhages o f p in -p o in t s i z e .
M icroscopic se c t io n  was made through the markedly u lcera ted  mucosa 
o f one an im al(F ig . 3 )•  There was slough ing  o f the mucosa and
p en etra tio n  by the u lc e r a t iv e  process to  the submucosa; in  th is  area
high-power m agn ification  showed some in f i l t r a t io n  by lymphocytes and 
plasma c e l l s  w ith  l i t t l e  evidence o f fib rou s t is s u e  r e a c tio n .
In two c a ts  the duodenum was the s i t e  o f e ro s io n , in  the region  
proximal to  the ampulla o f V ater. M icroscopic examination o f the 
ero sio n s showed s u p e r f ic ia l  lo s s  o f ep ith eliu m  w ith  lymphocytic 
in f i l t r a t io n  in  the deeper mucosal and submucosal la y e r s .
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The chyme o f the sm all in t e s t in e  was h ea v ily  s ta in ed  w ith  b i l e  as fa r  
as or beyond the i le o c a e c a l  ju n c tio n . In th is  region  two anim als 
showed v a scu la r  in je c t io n  o f both the muscular and mucosal la y e r s ,  
and the i le o c a e c a l lymph nodes d ra in ing  the a f fe c te d  segment were 
n o tic e a b ly  haemorrhagic. M icroscopic s e c t io n  of th ese  lymph nodes 
showed ex travasa tion  o f blood in  the subcapsular area o f the gland .
In three anim als the i le o c a e c a l region and proximal colon  were 
s l i g h t ly  more v a scu la r  than normal, w ith  shredding o f the engorged 
mucosa and r e s u lt in g  lo c a liz e d  haemorrhage. M icroscopic exam ination  
showed p en etration  o f the u lc e r a t iv e  process o f the submucosal reg io n , 
where the t is s u e s  were h ea v ily  invaded by round c e l l s  such as lympho- 
scy tes  and plasma c e l l s .
The g a ll-b la d d e r  w a ll was engorged and oedematous in  three  
an im als, but the mucosal l in in g  was everywhere in t a c t .  The pancreas 
in  one animal was th ickened , v a scu la r  and oedematous, and i t  was 
thought that evacuation  o f the g a ll-b la d d e r , repeated and w ith  maximal 
c o n tr a c tio n , might have forced  entry of b i le  in to  the p an creatic  duct 
and s e t  up a subacute p a n c r e a t it is .  M icroscopic examination showed 
oedematous pancreatic  t is s u e  w ith  patchy n e c r o s is ,  in f i l t r a t e d  by 
lym phocytes. In another animal the l iv e r  was the s i t e  o f subcapsular  
haemorrhage. M icroscopic exam ination showed ex travasa tion  of blood  
a t  th is  s i t e  and d is te n s io n  o f the cen tra l part o f the lob u le w ith  
b lood .
In one animal the p e r ic a r d ia l sac was the s i t e  o f moderate e f fu s io n ,
and/
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F i g .  2 s h o w s  t h e  m u c o s a l  a s p e c t  o f  t h e  s t o m a c h  o f  a  c a t  t r e a t e d  
w i t h  c o m p o u n d  4 8 / 8 0 ,  u p  t o  4 .5  ms / k g  d o s a g e .  T h e r e  i s  a  
g a s t r i c  u l c e r ,  w i t h  s u r r o u n d i n g  d i f f u s e  e n g o r g e m e n t  o f  t h e  
s t o m a c h .
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F i g .  3 i s  a  p h o t o m i c r o g r a p h  o f  a  s e c t i o n  t h r o u g h  t h e  e d g e  
o f  t h e  g a s t r i c  u l c e r  s e e n  i n  F i g .  2 .  U l c e r a t i o n  
p e n e t r a t e s  t o  t h e  m u s c u l a r i s  m u c o s a e ;  n e c r o t i c  
e p i t h e l i u m  i s  s e e n  n e a r  t h e  p e r i p h e r y ,  b e y o n d  w h i c h  
t h e r e  i s  t r a n s i t i o n  t o  r e l a t i v e l y  n o r m a l  m u c o s a .
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and the region  o f the laryn gea l fo ld s  was sw ollen  by oedematous 
sacs  which alm ost occluded the aperture o f the airway from larynx  
to  trach ea . There were no subendocardial haemorrhages. Ho obvious 
m acroscopic le s io n s  were seen in  the kidney and p itu ita r y  but the  
a d ren a ls , m acroscop ically  haeraorrhagic showed h is t o lo g ic a l ly  an 
in creased  v a s c u la r ity ,  haemorrhage and round c e l l  in f i l t r a t io n .
Histamine conten t of t i s s u e s .  The histam ine conten t o f various  
t is s u e s  from ten  c a ts  w ith  repeated in tr a p e r ito n e a l in je c t io n s  o f  
compound 48/80  over two or three weeks i s  recorded in  Table 4» and 
in  Table 5 niean v a lu es  are compared w ith  those o f the ten  
normal c a ts  g iven  in  Table 1 . General reduction  in  the histam ine  
conten t o f sk in  was g r e a te s t  in  the ear; the histam ine content had 
dropped from 96 "ko 12 u g /g  sk in ; i . e .  by 87/ .  The mean histam ine  
conten t o f the abdominal sk in  had dropped from 22 to  5 ug /g s  i . e .  by 
7 7 /.  In s k e le t a l  muscle the histam ine was a ls o  reduced but the e f f e c t  
was not so  s tr ik in g  and amounted to  a reduction  o f 2 7 / fo r  diaphragm 
and 2 9 / fo r  gastrocnem ius. In the stomach w a ll there was a d e f in it e  
reduction  o f  as much as 3 7 /  in  the histam ine content o f the various layers  
o f the corpus reg ion ; i f  there was any change in  the p y lo r ic  region  
there was a s l ig h t  in crea se  of not more than 6 /  which, con sid ering  the 
great in d iv id u a l v a r ia t io n s , may not be s ig n if ic a n t .  The fa c t  that 
compound 48/80  reduced the histam ine content in  the w a ll of the corpus 
but not o f /
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of the p y lo r ic  region  accounts fo r  a change in  the r e la t iv e  
d is tr ib u t io n  o f h istam ine in  the stomach w a ll ,  norm ally the 
mucosa o f  the corpus i s  r ich er  in  histam ine than th a t o f  the 
p y lo r ic  reg io n , but a f t e r  prolonged in tr a p e r ito n e a l treatm ent 
w ith  compound 48/80 the reverse i s  tr u e . This i s  shown in  more d e t a i l  
in  Table 6 . The average r a t io  between the histam ine content in  
corpus mucosa and in  mucosa o f the p y lo r ic  region was 1, 3 ; a f t e r  
compound 48 /80  i t  was 0 , 87* A s im ila r  r ev e rsa l o f  th is  r a t io  
was found a f t e r  the in je c t io n  o f s in g le  large doses o f compound 
48/80  in to  the c o e l ia c  a r te r y , but not a f te r  a s in g le  intravenous  
in j e c t io n .
The changes in  the histam ine d is tr ib u t io n  o f the stomach mucosa 
occurred a ls o  in  the la y er  which c o n s is t s  o f submucosa p lus m uscularis 
mucosae but not in  the rmiscularis externa (see  Table 7 ) .
E ffe c ts  o f  m assive doses o f h istam ine, as a c o n tr o l.
Such changes in  the d is tr ib u t io n  o f histam ine in  the w a ll o f the  
g a s tr o - in te s t in a l  tr a c t  as were produced by pidonged treatm ent w ith  
in tr a p e r ito n e a l compound 48/80  could not be reproduced f u l ly  by massive 
amounts o f histam ine given in  beeswax. Histamine i t s e l f  produced 
c h a r a c te r is t ic  changes in  the histam ine content and d is tr ib u t io n  o f  
the h istam ine in  the stomach w a l ls -
The d a ily  in je c t io n  o f 20-40 mg histam ine in  beeswax to  a: t o t a l  
dosage o f 350-450 mg led  a t f i r s t  to  few d etec ta b le  s ig n s ,  but towards 
th e /
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TABLE 5 .
Changes in  h istam ine content o f the t is s u e s  in  c a ts  a f t e r  repeated  
in tr a p e r ito n e a l in je c t io n s  o f compound 48/80  and w ith  m assive doses  
o f  histam ine in  beeswax, (The normal v a lu es are the mean v a lu e s  o f  
the ten  ca ts  l i s t e d  in  Table 1 , the va lu es a f t e r  compound 4 8 /80  are 
the mean va lu es o f those c a ts  l i s t e d  in  Table 4» and the v a lu e s  a f t e r  
histam ine in  beeswax are the mean v a lu es  o f the c a ts  l i s t e d  in  Table 8 ) .
ug H istam ine/g t is s u e
Histam ine conten t  
expressed  as 
percentage o f 
normal.
(a ) 0 0
48/80 Histamine 48/ 80- Histam ine
Formal trea ted trea ted Treated tr e a te d
Skin
Ear 96 12 107 13 111
Abdomen 22 5 23 23 105
S k e le ta l  muscle
Diaphragm 2 .6 1 .9 3 .3 73 127
Gastrocnemius 2 .1 1 .5 2 .8 71 133
Stomach -  corpus region
Mucosa 29 20 25 69 86
Submucosa 19 12 20 63 105
l& iscularis externa 12 11 11 92 92
Stomach -  p y lo r ic  regioi i
Mucosa 23 23 30 100 130
Submucosa 17 18 36 10 6 212
M uscularis externa 10 10 11 100 110
Duodenum 40 35 45 68 113
Ileum 22 19 21 86 95
Colon 11 11 12 100 109
Pancreas 2 .9 2 .7 2 .7 93 93
Spleen 8 .1 9 .0 8 .0 111 99
Lung 35 22 41 63 117
Kidney 1 .2 1 .5 0 .9 125 75
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IP ABIE 6 .
l a t i o  o f h istam ine eq u iva len t o f mucosa o f the corpus to  h istam ine  
eq u iva len t o f mucosa o f p y lo r ic  region  o f the stomach o f c a t s .
C orpus/pylorus
Normal 
(from Table l)
A fter  
in tr a p e r ito n e a l  
compound 48/80  
(from Table 4)
A fter  
intravenous  
compound 
48/80  
(from  
Table 2)
.A fter  
in t r a - a r t e r ia l  
in je c t io n  o f  
100 ug 48/ 8O 
in to  the c o e l ia c  
a rtery  (from  
Table 3)
.A fter  
histam ine  
in  beeswax 
(from  
Table 8 )
1 .32 0 .9 3 1 .12 0 .9 5 0 .7  6
1 .42 0 .0 0 1.38 0 .79 0 .2 8
1 .57 1.12 1 .61 0 .7 1 0 .6 3
0 .0 5 0 .9 6 0 .6 7 O.89
1 .0 6 0 .8 6 1.50 0 .8 8
1 .13 0 .63 1.14
1*56 0 .9 6 1.68
1 .16 0 .90
1 .37 0 .69
1 .38 0 .7 6
CA
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TABLE 7.
R atio  o f average histam ine eq u iv a len ts  o f  the 
corpus to  the p y lo r ic  v a lu es  from Tables 1 , 4 
and 8 fo r  the stomachs o f  c a ts .
C orpus/Pylorus
Normal
A fter  
in tr a p e r ito n e a l  
compound 48 /80
A fter  h istam ine  
in  beeswax
Mucosa 1.30 0 .8 7 0 .8 3
Submucosa +
m uscularis
mucosae 1 .12 0 .6 7 O.56
M uscularis
externa 1 .20 1.10 1.00
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the end o f the course o f in je c t io n s  the anim als became n o tic e a b ly  
d o c i le ,  lo s t  w eight and showed marked v a s o d ila ta t io n  o f the n a sa l 
a rea , and ’-'©re ev en tu a lly  p rostra ted  , at which sta g e  they were 
k i l l e d  by b leed in g  under anaesthesia*
Histamine co n ten t. Table 8 l i s t s  the va lu es  fo r  the h istam ine con ten t 
o f  t is s u e s  from f iv e  ca ts  k i l l e d  a f t e r  m assive histam ine a d m in is tr a tio n s• 
The mean va lu es are compared w ith  th ose o f the normal c a ts  in  Table 5*
The histam ine conten t o f sk in , lung, and p a r t ic u la r ly  o f s k e le t a l  muscle 
was in crea sed , whereas th at o f k idney, pancreas and l i v e r  was reduced.
In the w a ll o f the g a s tr o - in te s t in a l  t r a c t ,  the main change was found 
in  the p y lo r ic  region  o f the stomach where the histam ine con ten t o f  a l l  
la y e rs  was in crea sed , but the e f f e c t  was most pronounced in  the submucosa 
where the value was more than doubled; in  the mucosa the in crease  
amounted to  over 30^». In the corpus reg ion , on the other hand, the 
histam ine conten t remained e ith e r  unchanged or decreased s l i g h t ly .
The r a t io  o f the histam ine o f the mucosa o f the corpus to  th a t  o f  the 
p y lo r ic  region i s  shown in  Table 6, and the r a t io  o f the histam ine of 
the submucosa p lus m uscularis mucosae and m uscularis externa of the 
same regions in  Table 7« Like that a f te r  compound 4 8 /8 0 , the r a t io  
has f a l le n  in  the mucosa and submucosa, but in  th is  case the change 
i s  brought about not so much by a decrease in  the histam ine content 
o f the corpus segment as by an in crease  in  that o f the p y lo r ic  reg io n . 
This i s  p a r t ic u la r ly  s tr ik in g  fo r  the submucosa; the va lu es  fo r  the 
m u scu laris/
TABLE 8
Histamine eq u iva len t in  u g /g  t i s s u e ,  o f  variou s  
organs o f f iv e  c a t s ,  a f t e r  treatm ent w ith  m assive 
doses o f histam ine in  "beeswax.
Skin
S k e le ta l
muscle
Stomach 
Corpus Pylorus
E
ar
A
hd
om
en
D
ia
ph
ra
gm
G
as
tr
o-
en
em
iu
s
•a
•a•
CO
•
CD•a •a
•
a•
CO
•
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a D
uo
de
nu
m
Il
eu
m
C
ol
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L
iv
er
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an
cr
ea
s
Sp
le
en bQ
K
id
ne
y
L07 23 2 .8 2 .4 22 19 7 29 36 7 29 14 7 2 .2 2 .1 3 .4 25 0 .7
80 20 2 .6 2 .0 23 17 12 18 31 10 41 18 11 1.8 3 .7 6 .8 39 1 .1
112 25 4 .0 3 .1 27 17 11 43 40 12 45 31 14 3 .8 5 .0 9 .6 56 1.0
96 20 3 .2 2 .8 25 24 14 28 34 13 55 22 12 2.8 1 .9 10.4 42 1.2
138 2? 3 .9 3 .7 30 22 12 34 40 12 56 18 18 3 .0 2 .8 9-8 44 0 .7
m.cmucosa; s .  m.=sub mucosa p lus m uscularis mucosae? 
m .e.=  m uscularis ex terna .
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m uscularis externa are unchanged.
Plasma h istam in e . Before the anim als trea ted  w ith  m assive doses o f  
histam ine in  heeswax were k i l l e d ,  5 ml« samples o f  b lood  were c o l le c te d  
in  heparin from the c a r o tid  a r tery  and th e ir  plasma assayed  fo r  
histam ine; i t  was found to  be unchanged.
In normal c a ts  an intravenous in fu s io n  o f histam ine cau ses a 
tr a n s ie n t  in crease in  plasma histam ine whereas the intravenous in fu s io n  
o f  h istam ine in  the c a ts  trea ted  w ith  histam ine in  beeswax caused a 
s i m i l a r , i f  somewhat l e s s  pronounced e le v a tio n  o f  the plasma h istam in e, 
as seen from the fo llo w in g  r e s u l t s j -
In the normal c a t  the histam ine le v e l  of the plasma la y  between 
0 .005  and 0 .0 5  ug /m l. (mean1, 0 .024)*  When assayed during a h istam ine  
in fu s io n  (20 ug/kg/m in fo r  20 m in), the v a lu es  rose to  between 0 .0 6  and 
0 .1 4  ug/m l. (mean 0 .1 )  and remained a t  t h is  le v e l  a f t e r  c e s sa t io n  o f  the 
in fu s io n  fo r  10-15 min; in  many in sta n ces  th e r e a fte r  the plasma histam ine  
f e l l  q u ick ly  to  v a lu es  below the i n i t i a l  l e v e l s .  In f iv e  o a ts  which had 
been tr e a te d  w ith  m assive doses o f histam ine in  beeswax h istam ine was 
in fu se d . The plasma h istam ine le v e l  rose from between 0 .0 1  and 0 .03  u g / 
ml. (mean 0 .0 2 ) to  between 0 .0 6  and 0 .0 9  ug/m l. (mean 0 .0 8 ) ,  i . e .  to  a 
somewhat low er le v e l  than th at observed in  the normal animals on h i s t -  
jamine in fu s io n .
DISCUSSION.
In the previous experim ents on the a c id  secre tio n  o f the stomach 
produced by Compound 48/ 80 , the con clusion  was drawn th at the secre tio n  
was the e f f e c t /
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e f f e c t  o f c ir c u la t in g  histam ine re lea sed  by Compound 48 /80  from  
sk in  and m uscle, and now borne out by the presen t r e s u lt s ,  concerning  
changes in  histam ine conten t o f variou s t is s u e s  produced by compound 
48/ 80 . I t  was fu rth er  concluded, from the enhanced seo reto ry  response  
on in je c t io n s  o f the histam ine lib e r a to r  in to  the c o e l ia c  a r ter y  
compared w ith  s im ila r  in je c t io n s  in to  the p o rta l v e in ,  th at a sm all 
fr a c t io n  only o f the histam ine o f the g a s tr ic  mucosa could  be re lea sed  
and p a r tic ip a te  in  the g a s tr ic  secre to ry  resp on se . A gain, the present 
f in d in g  that the mucosal histam ine o f the corpus o f the stomach can be 
reduced by Compound 48/80  i s  in  accord w ith  t h is  co n c lu sio n .
The r e s u lt s  obtained w ith  Compound 48/80  in  c a ts  show th a t the 
histam ine in  the variou s t is s u e s  i s  su sc e p tib le  to  the e f f e c t  o f th is  
histam ine lib e r a to r  to  d if fe r e n t  d egrees. The s u s c e p t ib i l i t y  o f  the  
histam ine in  the sk in  i s  grea ter  than that o f  any other t is s u e  examined.
As fa r  as the alim entary tr a c t  i s  concerned the histam ine in  the mucosa 
o f the corpus o f the stomach i s  more rea d ily  re lea sed  by Compound 48/80  
than th at in  any other area of the d ig e s t iv e  t r a c t .  We do not know why 
the h istam ine in  the various t is s u e s  shows th is  d iffere n c e  in  su sc e p t-  
j i b i l i t y  to  Compound 48/ 8O, but i t  i s  in te r e s t in g  to note that Mongar & 
S c h ild  ( I 952) ,  stu d y in g  the e f f e c t  o f  histam ine lib e r a to r s  in  in  v itr o  
experim ents on gu in ea -p ig  t i s s u e ,  came, in  g en era l, to  s im ila r  co n c lu s io n s . 
F urther, Feldberg & T alesn ik  (1 9 5 3 )» u sin g  the same method in  ra ts  as has 
been used in  the presen t experim ents in  c a t s ,  a lso  found th a t the histam ine  
o f /
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o f sk in  and s k e le t a l  muscle was the most su sc e p tib le  to  the Compound 
48/80  r e le a s in g  a c t io n . I t  i s  c e r ta in  th a t the histam ine l e v e l  o f a  
given  organ i s  not the determ ining fa c to r  fo r  s u s c e p t ib i l i t y  to  
Compound 48/ 80 . This i s  ev id en t when the e f f e c t  o f Compound 48/80  i s  
compared on the histam ine o f  the sk in , s k e le ta l  mus&e and p y lo r ic  
region  o f the stomach,
Seasons have been advanced in  Chapter one fo r  con sid erin g  th a t  
the la b i le  histam ine o f sk in  and s k e le ta l  muscle which i s  a f fe c te d  
by histam ine lib e r a to r s  i s  mainly the mast c e l l  h istam in e . Compound 
48/80  has the a b i l i t y  to  r e le a se  the histam ine in  g a s tr ic  mucosa but 
not a t o th er s i t e s  in  the g a s t r o - in te s t in a l  t r a c t .  The g a s tr ic  
histam ine may th erefore be p a rtly  o f mast c e l l  o r ig in , Mota ( 1956) 
has claim ed th a t Compound 48/80  a c ts  mainly through i t s  e f f e c t s  on 
mast c e l l s  and h istam in e, Mota, F err i and Yoneda (1955)> studying the 
d is tr ib u t io n  of mast c e l l s  in  the g a s tr o - in te s t in a l  mucosa, found a 
higher mast c e l l  population in  the mucosa o f the body o f the stomach 
than in  any other part o f the d ig e s t iv e  t r a c t ,  ( F ig , 4 . )
The e f f e c t s  o f in tr a p e r ito n e a l in je c t io n s  of Compound 48/80  in  
c a ts  can alm ost a l l  be exp la ined  by a c tio n s  of the re lea sed  h istam ine. 
The r e fr a c to r in e ss  which develops on repeated  d a ily  in je c t io n s  i s  
exp la ined  by lack  o f s u f f ic ie n t  histam ine re a d ily  a v a ila b le  fo r  r e le a se  
in /
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in  the t i s s u e s .  One must d is t in g u ish  between e f f e c t s  o f  Compound 
48 /80  produced lo c a l ly  a t the s i t e  o f l ib e r a t io n  and th ose  produced 
by the histam ine escap ing in to  the genera l c ir c u la t io n ;  the p r u r itu s , 
the f a c ia l  s w e llin g , the o cca sio n a l oedema of the n ip p le  and g e n ita l  
a rea , and perhaps a ls o  the erythema o f the n a sa l a rea ,are  probably  
e f f e c t s  o f histam ine re lea sed  in  the sk in  a c tin g  a t the s i t e  o f  
l ib e r a t io n .  I t  i s  in te r e s t in g  th at the sk in  reg ion s n o tic e a b ly  
a ffe c te d  are those y ie ld in g ,  not only in  c a ts  but a ls o  in  o ther  
sp e c ie s  examined (Feldberg & M iles , 1953) ,  r e la t iv e ly  h igh  histam ine  
v a lu es  on e x tr a c tio n . The fa c t  that c h a r a c te r is t ic  d is tr ib u t io n  o f 
oedema was o ften  to  be seen as much as 1-2 hr a f te r  the in je c t io n ,  
when the c ir c u la t io n  im proves, i s  understandable because, so  long  
as the blood pressure i s  low a f te r  re lea se  of h istam ine, the pressure  
in  the c a p i l la r ie s  would be s u f f ic ie n t  to  cause f lu id  exudation.
P a th o lo g ica l sequelae in  the ca ts  trea ted  over sev era l weeks w ith  
Compound 48 /80  were a ttr ib u ta b le  to  the e f f e c t s  of the histam ine 
r e le a se d . G astric  u lc e r a tio n  experim entally  produced in  t i i s  way i s  
the r e s u lt  o f the outpouring o f acid  se c r e tio n  fo llo w in g  r e le a se  o f 
endogenous h ista m in e /and does not appear to  d if f e r  from the u lce ra tio n  
d escrib ed  by M cllroy (1928) and O'Shaughnessy (1931) fo llo w in g  simple 
in je c t io n s  o f h istam in e, or im plantation o f the histam ine in  beeswax 
(Hay, Code & Wangensteen, 1942). Other changes, such as d if fd se  
engorgement o f the rugae of the stomach, increased  v a sc u la r ity  o f the  
colon  w ith  shredding o f i t s  ep ith eliu m , and the haemorrhagic n ecro sis  
o f /
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o f  P ayer's patches and the lymph nodes o f  the ile o c a e c a l reg ion  may 
a ls o  he the r e s u lt  of r e le a se  o f h istam ine.
F ollow ing in fu s io n  o f histam ine i t s e l f  in to  48 /80  trea ted  an im als, 
lower plasma histam ine v a lu es  were found in  th ese  anim als; th is  was a ls o  
the case in  those animals trea ted  w ith  histam ine in  beeswax. I t  appears 
th a t large amounts o f in fu sed , or r e le a se d , histam ine may be removed 
rap id ly  from the v a scu la r  system , lead in g  to  a sudden f a l l  in  plasma 
histam ine le v e l;  Schachter (1952) kas observed a marked f a l l  in  plasma 
histam ine a f te r  the ad m in istration  o f neoarsphenamine and b i le  s a l t s ,  
shown by him to  p o sse s s , among other c h a r a c te r is t ic s ,  the a b i l i t y  to  
r e le a se  h istam in e. Comparable sudden low ering of plasma histam ine  
fo llo w in g  ad m in istration  o f histam ine i s  described  by D ragstedt & Mead 
(1 9 3 5 ), Hose & Browne (1 9 3 8 ), Code (1939) and Emmelin (1951)*
I t  was suggested  in  Chapter one that absorption o f histam ine  
might take p lace in to  g a s tr o - in te s t in a l  t i s s u e s .  This would be p art­
i c u l a r l y  b e n e f ic ia l  in  the c a t ,  fo r  in  th is  sp e c ie s  the in te s t in e  i s  
by fa r  the r ic h e s t  source of histam inase (Haeger & Kahlson, 1952). The 
stomach w a ll ,  on the other hand, could do l i t t l e  in  the in a c t iv a tio n  
o f h istam ine; indeed , as a poor source o f h istam inase, i t  may be th a t  
th is  very  fa c to r  exp la in s the marked in crease in  the histam ine content of 
the p y lo r ic  region  o f c a ts  trea ted  w ith  histam ine in  beeswax, whence i t  
would be more slow ly  excreted  than from the acid  secretory  region of the 
p a r ie ta l c e l l s  in  the corpus.
SUMMAEY.
1* The histam ine content of the sk in  of the ca t shows reg io n a l 
d if fe r e n c e s  s im ila r  to  those found in  other s p e c ie s .  I t  i s  p o s s ib le ,  
w ith  s in g le  intravenous or in tr a - in je c t io n s  o f  Compound 48/ 8 0 , to  
reduce the skin  histam ine p a r tic u la r ly  in  those reg ion s o f h ig h est  
histam ine co n ten t. In je c tio n s  of Compound 48/80 in to  the c o e l ia c  
a rtery  le a d , in  a d d itio n , to  a s l ig h t  reduction in  the h istam ine o f  
the mucosa o f the corpus region o f the stomach. In a l l  other t is s u e s  
examined the histam ine content i s  unchanged. The r e le a se  of histam ine  
from the sk in  leads to  a tra n sien t r is e  o f plasma h istam ine.
2 . In tr a p e r ito n ea l in je c t io n s  o f Compound 48/80 in  c a ts  are fo llow ed  
i n i t i a l l y  by severe symptoms of p ro stra tio n , vascu la r  e f f e c t s ,  r e s p ir -  
jatory  d is tr e s s  and alim entary d istu rb an ces. On recovery, erythema 
and f a c ia l  oedema are n o tic e a b le . With repeated in tr a p e r ito n e a l  
in je c t io n s  o f Compound 48/ 80 , the symptoms decrease in  in te n s ity  and 
higher doses have to  be given to  be e f f e c t iv e .  This r e fr a c to r in e ss  i s  
mainly accounted fo r  by lack  o f la b i le  t is su e  h istam ine. By th ese  
in je c t io n s  i t  i s  p o ss ib le  to  reduce the histam ine in  the sk in  by over 
80$. Lung, s k e le ta l  muscle and g a s tr ic  mucosa o f the corpus re lea se  
r e la t iv e ly  sm all amounts. The histam ine of the other t is s u e s  examined 
i s  r e s is ta n t  to  r e le a s e  by Compound 48/ 80 . At post-mortem, there are 
g a s tr ic  u lc e r s ,  in t e s t in a l  le s io n s  and haemorrhages in  the ad ren als.
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3 . In c a ts  tr e a te d  w ith  repeated in tr a p e r ito n e a l in je c t io n s  o f  
Compound 48 /80  and in  c a ts  trea ted  w ith  massive doses o f  h istam ine  
in  beeswax, an intravenous in fu sio n  o f histam ine produces a much sm aller  
r i s e  in  plasma histam ine than in  untreated  c a t s .  This may account in  
part fo r  the g rea ter  r e s is ta n c e  of the Compound 4 8 /8 0 -tr e a te d  c a ts  
to  h istam in e. Means fo r  th is  d isp o sa l o f re lea sed  histam ine are  
d isc u sse d , among which may be absorption in to  the g a s tr o - in te s t in a l  
t i s s u e s .
CHAPTER THREE.
The A sso c ia tio n  o f Histamine R elease and the Motor 
E ffe c ts  o f Histamine L iberators on the G uinea-p ig’s  
Ileum Preparation .
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CHAPTER THREE.
THE ASSOCIATION OF HISTAMINE RELEASE AND THE MOTOR 
EFFECTS OF HISTAMINE LIBERATORS CM THE GUINEA-PIG’S 
ILEUM PREPARATION
Histamine i s  a normal co n stitu en t o f the various la y ers  o f  the  
g a s tr o - in te s t in a l  w a ll ,  but, as has been recounted a lread y , l i t t l e  
i s  known about i t s  p h y s io lo g ic a l fu n ction  in  th is  organ. S ince  
histam ine produces stron g  motor e f f e c t s  on the muscle la y ers  o f the 
d ig e s t iv e  tr a c t  in  many s p e c ie s ,  the p o s s ib i l i t y  has o ften  been 
d iscu ssed  that i t  may play some ro le  in  the motor a c t iv i t y  o f g a stro ­
in t e s t in a l  p rep aration s. I t  seemed fe a s ib le  th at histam ine r e le a s in g  
agents would provide a to o l  by means o f which th is  p o ss ib le  r o le  o f  
histam ine fo r  motor a c t iv i t y  o f the in t e s t in a l  w a ll could  be r e ­
examined. Were the re le a se  o f histam ine a p h y sio lo g ic a l mechanism 
fo r  a c t iv i t y  in  the g a s tr o - in te s t in a l  w a ll o f some s p e c ie s ,  histam ine 
r e le a s in g  agents might be expected to  accentuate the r e le a se  and to  
stim u la te  motor a c t iv i t y .
In the present experim ents we have th erefore examined whether 
compound 48/80  ex er ts  motor e f f e c t s  on the iso la te d  guinea—p ig ’s ileum  
preparation  suspended in  Tyrode so lu tio n  and whether histam ine can be 
d etected  in  th is  so lu tio n  when the preparation i s  subjected  to  treatm ent 
w ith  compound 4 8 /8 0 . A few experim ents were a ls o  performed with  
propamidine, D /
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D -tubocurarine and tryptam ine, a l l  o f which are known to  he h istam ine  
l ib e r a to r s .
A p eru sa l o f the li t e r a tu r e  on the pharmacology o f h ista m in e-  
r e le a s in g  substances shows th a t a t le a s t  some of them may cause con­
t r a c t i o n ,  i n i t i a t e  rhythmic a c t iv i t y  and augment the h istam ine response  
o f the in t e s t in a l  preparation , but no attem pt has so fa r  been made to  
c o r r e la te  th ese  e f f e c t s  w ith  the h is ta m in e-re lea s in g  property o f  th ese  
su b sta n ces . Mongar & S ch ild  (1953) d escrib e strong con tra ctio n s w ith  
compound 48 /80  ( l  in  1 0 ,0 0 0 ), whereas Dews, Wnuck, F a n eH i, L igh t, 
Tom aben, Norton, E l l i s  & de Beer (1953) > using  sm aller co n cen tra tio n s , 
u su a lly  saw only a s l ig h t  in crease  in  spontaneous a c t iv i t y  o f the guinea- 
p ig ’ s ileum  preparation . Spontaneous rhythmic a c t iv i t y  o f th is  prepar- 
sa tio n  h as, fu r th e r , been seen a f te r  large doses o f D -tubocurarine 
(F eldberg , 1951) and Rocha e S ilv a  & S ch ild  (194£) found th at D -tubocur- 
lar in e  s e n s it iz e d  the preparation to  h istam ine. The a b i l i t y  of  
tryptam ine to  con tract the g u in ea -p ig ’s ileum  has been known fo r  some 
tim e; r ec en tly  i t  has been shown that tryptamine produces, in  a d d itio n , 
stron g  rhythmic con traction s which p e r s is t  a f te r  the tryptamine receptors  
in  the in t e s t in a l  w a ll have been blocked by large doses o f tryptamine 
(Gaddum, 1953; Feldberg & Toh, 1953)*
ISETHQDS.
The experim ents were performed on the guinea—p ig ’s ileum  preparation  
suspended in  a 15 ml. bath o f magnesium-free Tyrode so lu t io n . The 
c o n tr a c tio n s /
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co n tra ctio n s  were recorded w ith  a fr o n ta l w ritin g  le v e r  which cou ld  
he h eld  in  p o s it io n  w ith  a photographic re lea se  cable when the bath  
was emptied and r e f i l l e d .  In some experiments the bath f lu id  o f  
such a preparation  (th e donor) was siphoned o f f  and te s te d  on another  
g u in ea -p ig ’ s ileum  preparation (th e r e c ip ie n t ) .  During the siphoning  
o f f  the le v e r  was f ix e d  w ith  the photographic re le a se  cab le to  reduce 
the m echanical e f f e c t  of emptying and r e f i l l i n g  the bath .
In a few experim ents the histam ine content o f the g u in ea -p ig ’s 
ileum  preparation  was determined by grinding the t is s u e  in  a c id i f ie d  
s a lin e  s o lu t io n ,  b o ilin g  the ex tra c t and assay ing  i t  fo r  h istam ine, 
a f t e r  n e u tr a liz a t io n , on the a trop in ized  gu in ea -p ig ’s ileum  prepar­
a t i o n .  A ll  h istam ine va lu es r e fe r  to  the base.
The compound 48/80  which i s  a condensation o f p-m ethoxyphenylethyl- 
raethylamine w ith  formaldehyde was k ind ly  given to us by Dr, Paget and 
Dr. Trevan from the Wellcome Research I n s t i tu t io n .  The D-tubocurarine 
(Burroughs Wellcome) was used as the d ic h lo r id e , the tryptamine (Roche 
Products) as the hydroch loride, and the propamadine (May & Baker) as the 
is e th io n a te .  A l l  va lu es  r e fe r  to  the s a l t s .
RESULTS.
When compound 48/80  i s  added to  the bath in  which a gu in ea -p ig ’s 
ileum  i s  suspended, i t  produces d ire c t e f f e c t s  during it s  contact w ith  
the preparation and subsequent changes in  r e a c t iv ity  and motor a c t iv i ty  
which p e r s is t  fo r  some time a f te r  the compound 48/ 8O has been washed out.
The/
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H’be d ir e c t  e f f e c t  o f compound 48/80 o o n s is ts  o f a s low , ton io  
c o n tr a c t io n , o ften  w ith  superimposed, sm a ll, rhythmic changes. This 
e f f e c t  corresponds to  that described  by Mongar & S ch ild  (1953) and 
i s  sometimes observed on the ad d ition  of le s s  than 1 mg o f compound 
4 8 /8 0  to  th e  15 ml. bath . With 2 mg the con traction  i s  obtained in  
a l l  p rep a ra tio n s , although not always on the f i r s t  a p p lic a t io n . The 
method u s u a lly  employed was to  leave 2 mg o f compound 48 /80  in  the  
bath f o r  60-90 se c  and repeat the adm inistration  a t  I 5- 6O min in te r v a ls*
A ty p ic a l  experim ent i s  i l lu s tr a te d  in  F ig . 1, which shows th at the 
f u l l  c o n tr a c t i le  e f f e c t  i s  obtained w ith  the second dose, and th at  
w ith  la t e r  ad m in istration  the con traction  becomes again sm aller; a t  
th is  s ta g e  the preparation  i s  a lso  le s s  s e n s it iv e  to  h istam ine.
Mepyramine, in  a dose which ab o lish es  strong histam ine c o n tr a c tio n s , 
reduces but does not a b o lish  as strong or even weaker con traction s  
produced by compound 48/ 80 . The e f f e c t  o f mepyramine on the response 
to  2 mg o f  compound 48/80 i s  shown in  F ig . 2.
A fter  washing out compound 48/ 80 , the preparation i s  le s s  s e n s it iv e  
to  h istam ine fo r  some tim e. The degree o f reduced s e n s i t iv i t y  v a r ie s  
from preparation  to  preparation and occurs independently o f whether 
compound 48/80  has i t s e l f  caused a contraction  and whether the prepar— 
sation  shows a spontaneous rhythmic a c t iv i t y .  A pronounced and lo n g -  
la s t in g  reduction  in  s e n s i t iv i t y  to  histam ine i s  i l lu s tr a te d  in  t i g .  3*
In th is  co n d itio n  the preparation i s  a lso  le s s  s e n s it iv e  to  a c e ty lc h o lin e .
V
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F ig . 1 . G uinea-pig’s ileum  preparation in  15 ml* magnesium-free 
Tyrode s o lu t io n , 0 .04  ug atropine su lphate throughout. 
S u ccessive  a p p lica tio n s  a t 30 min in te r v a ls  o f 2 mg. o f  
compound 48/80  kept in  the bath fo r  90 s e c .
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F ig . 2. G uinea-pig’ s ileum  preparation in  15 mg. magnesiura-free Tyrode 
s o lu t io n . Three con traction s due to 2 mg. of compound 48/8 0  
kept in  the bath fo r  $0 s e c .  and adm inistered a t 40 min. 
in te r v a ls .  The con traction  at b in  the presence of 0 .1  ug 
mepyramine added to  the bath 2 min p rev io u sly . The con traction  
at c a f te r  washing out the mepyramine.
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A s im ila r  observation  was made by Paton (1951)* The reduced h istam ine  
s e n s i t iv i t y  was o ften  observed a f te r  50 ug o f compound 48 /80  were 
added to  the 15 nil. bath fo r  1 min. Sometimes the co n d itio n  o f  reduced  
s e n s i t i v i t y  was preceded by a short period o f in creased  s e n s i t i v i t y  to  
h istam in e.
A c h a r a c te r is t ic  a f t e r - e f f e c t  o f  compound 48 /80  i s  the development 
of spontaneous a c t iv i t y  and in creased  done p e r s is t in g  fo r  long p e r io d s .  
Sometimes repeated a p p lica tio n s  o f compound 48/80  are required b efore  
th is  e f f e c t  becomes apparent, and i t  i s  always more pronounced w ith  
repeated a p p lic a tio n s . When th is  motor a c t iv i t y  i s  not y e t  apparent, 
i t  may be d isc lo se d  during a histam ine response. U su ally  histam ine  
causes to n ic  co n tra c tio n s , but a f te r  compound 48/80  rhythmic co n tra ctio n s are 
superimposed on the histam ine co n tra ctio n . In the experiment o f  F ig . 3 , 
d esp ite  the reduced s e n s i t iv i t y  to  histam ine which was brought about by 
compound 48/ 80 , the reduced histam ine con traction s are no longer to n ic  
but rhythm ic. The change in  the character o f the histam ine response in  
an experiment in  which compound 48/80 has produced spontaneous a c t iv i t y  
i s  i l lu s t r a t e d  in  F ig . 4*
The spontaneous a c t iv i t y  and in crease in  tone develops ir r e sp e c t iv e  
of whether the preparation i s  a trop in ized  or n o t , but i s  u su a lly  more 
pronounced when no atrop ine i s  g iv en . F ig . 5 i l lu s t r a t e s  the develop­
m ent o f rhythmic a c t iv i t y  and tone in  an atrop in ized  preparation a f te r  
the f i r s t  (b ) ,  second ( c ) ,  th ird  (d ) ,  fourth (e )  and s ix th  ( f )  a p p lica tio n  
o f /
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F ig . 3 . G uinea-pig’s ileum  preparation in  15 ml. magnesium-free 
Tyrode s o lu t io n . 0 .04  atropine sulphate throughout. At 
H su ccess iv e  a p p lica tio n s  o f 0 .04  ug h istam ine. 2 mg. o f  
compound 48/80 added a t A and kept in  the hath fo r  90 s e c .  
The histam ine was given every 80 s e c . hut between a , h , c ,  
d, e ,  f  and g two histam ine con traction s were om itted each 
time from the t fa c in g .
I I  I I
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Fig* 4 . G uinea-pig’ s ileum  preparation in  15 ml. magnesium-free 
Tyrode s o lu t io n . 0 .04  ug atropine sulphate throughout. 
At H, 0 .0 6  ug histam ine kept in  the hath fo r  20 se c .  
Between a and b , 2 mg o f compound 48/80 were given and 
kept in  the hath fo r  90 s e c .
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P ig . 5 . G uinea-p ig's ileum  preparation in  15 ml. magnesium-free 
■Tyrode s o lu t io n , 0 .04  ug atropine sulphate throughout, 
a , Before compound 48/ 8O; b—f ,  development of spontaneous 
a c t iv i t y  and tone a f te r  su ccess iv e  doses o f 2 mg compound 
48/ 8O. The d ir e c t  c o n tr a c t i le  e f f e c t s  o f compound 48/80  
om itted from the tra c in g . At w the bath f lu id  was 
siphoned o f f  w h ils t  the le v e r  was f ix e d .
vjjww*
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o f 2 mg o f compound 4 8 /8 0 , the d ir e c t  c o n tr a c t i le  e f f e c t s  o f which  
are om itted from the tr a c in g s , The tra c in g s were obtained about 15 min. 
a f te r  the a p p lica tio n  o f compound 48/80  which was washed out each tim e 
a f te r  90 sec  con tact w ith  the prep aration . At (w) the bath was washed 
out in  order to  show the re la x a tio n  and reduction  in  a c t iv i t y  on 
replacem ent w ith  fre sh  Tyrode s o lu t io n . F ig .  6 i s  from a n on -a trop in ized  
prep aration . At (a ) there i s  some s l ig h t  rhythmic a c t iv i t y  before  
compound 48/ 8O} a t (b) the a c t iv i t y  and tone are shown about 15 min 
a f t e r  the second a p p lica tio n  o f 2 mg of compound 48/ 80 . Again, 
replacement w ith  fr e sh  Tyrode so lu tio n  (a t  w^) causes pronounced 
r e la x a t io n , but has l i t t l e  e f f e c t  on rhythmic a c t iv i t y .  When the 
tone has again in crea sed , atropine (A t.)  and la t e r  mepyramine (Me.) 
are g iven ; together they produce the same re la x a tio n  as washing ou t, which 
afterw ards has no longer any e f f e c t  (w^).
I t  i s  w e ll known that ch o line d if fu s e s  out from an in t e s t in a l  
preparation  suspended in  p h y s io lo g ic a l sa lin e  s o lu t io n , and the sm all 
c o n tr a c t i le  e f f e c t  which we obtained when bath f lu id  in  which a gu inea-  
p ig ’s ileum  preparation was suspended (the donor), was te s te d  on another 
preparation (th e  r e c ip ie n t)  rendered in s e n s it iv e  to  h istam ine, was 
probably due to  c h o lin e , because i t  was abolished  by a tro p in e . There 
was, however, no evidence that th is  ch o lin e  output increased  a f te r  
compound 48/ 80. This was shown by the fo llo w in g  procedure. The bath 
f lu id  from a donor preparation was c o lle c te d  every h a lf  hour and te s te d  
on/
I
w,
I
At.
I
Me.
I
w2
F ig . 6. Guinea p ig 's  ileum  preparation in  15 mg. magnesium-free 
Tyrode so lu t io n :  (a) b efo re , (b) about 15 min a f te r  the 
second a p p lica tio n  o f 2 mg of compound 48/ 8O kept in  the 
bath fo r  90 s e c . At w_ and w„ bath f lu id  renewed w h ils t  
the le v er  was f ix e d . At A t. O i l  ug atropine su lphate;  
at Me. 0 .05  ug mepyramine kept in  the bath t i l l  w^.
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on a r e c ip ie n t  preparation  rendered in s e n s it iv e  to  h istam ine by 
mepyramine. The c o n tr a c t i le  e f f e c t  o f  the bath f lu id  did not in crea se  
when the c o l le c t io n  was made a f t e r  a period  o f g r e a tly  in creased  
rhythmic and to n ic  a c t iv i t y  induced by compound 48/ 80 . However, in  
order to  be cer ta in  th a t there was not some s l ig h t  in crea se  in  
ch o lin e output, i t  would have been necessary  to  a c e ty la te  the samples 
and subsequently determine th e ir  a ce ty lc h o lin e  co n ten t.
A d if fe r e n t  r e s u lt  was obtained when the bath f lu id  from a donor 
preparation  was te s te d  on a h is ta m in e -se n sit iv e  g u in ea -p ig 's  preparation  
rendered in s e n s it iv e  to  ch o lin e and a c e ty lc h o lin e  by a tro p in e . The bath  
f lu id  c o l le c te d  during 20-30 min periods produced e ith e r  no co n traction  
or one b arely  v i s i b l e ,  but when corresponding samples were c o l le c te d  
during periods o f  in creased  a c t iv i t y  and tone fo llo w in g  the a p p lica tio n  
of compound 48/ 8 0 , the bath f lu id  caused strong con traction s in  se v e r a l  
experim ents, but not in  a l l .  The maximal e f f e c t  o f th is  kind was obtained  
when compound 48/80 (2 mg) had been repeated ly  app lied  and had produced 
strong rhythmic a c t iv i t y  and an in crease  in  tone in  the donor preparation . 
An experiment in  which the c o n tr a c t i le  e f f e c t  o f bath f lu id  increased  
p a r tic u la r ly  stro n g ly  a f te r  compound 48/80 and was assayed aga in st  
histam ine i s  reproduced in  F ig . 7* The fig u re  i l lu s t r a t e s  the appearance 
and in crease  o f  a h ista m in e-lik e  substance in  the bath f lu id  a f te r  two 
con secu tive  in je c t io n s  o f compound 48/ 80 .
The c o n tr a c tile  e f f e c t  of the bath f lu id  can be f u l ly  accounted
f o r /
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7* Histamine output from g u in ea -p ig 's  ileum  preparation a f te r  
■':-\r;^ -:-iwjei'6o^le®uti^e/'AdmiaaiBtr^tionff- o f  2 mg. jot compound 48/ 80 . 
Ordinates: output o f  Histamine in  mug/min. A bscissae: time 
i n  hours. The two arrows in d ic a te  a p p lica tio n  o f compound 
48/ 8 0 j the gap corresponds to  the time during which the 
compound 48 /80  was kept in  the bath and subsequently washed 
ou t. The bath f lu id  was not te s te d .
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fo r  by the a ctio n  o f h istam in e, because i t  i s  a f fe c te d  by mepyramine 
to  the same ex ten t as an equally stron g  histam ine c o n tra c tio n . For 
in s ta n c e , in  the experiment of F ig . 8 , the con traction  produced by 
bath f lu id  (15 m l.) was stron ger than th at o f 0 .04  and weaker than 
th at of 0 .0 5  ug h istam in e. I t  w i l l  be seen that the co n tra ctio n s of  
bath f lu id  and of 0 .045  ug histam ine were reduced to  a minimum by 
0 .04  ug mepyramine and showed the same recovery when the mepyramine 
was washed out*
The fa ilu r e  to  d e tec t  histam ine or a h is ta m in e -lik e  substance  
reg u la r ly  in  the bath f lu id  c o l le c te d  a f t e r  a period o f increased  
a c t iv i t y  was probably due to  the fa c t  th at the amounts re lea sed  from 
a s in g le  preparation were so sm all as to  become subthreshold  as a 
r e s u lt  o f d ilu ta t io n  in  the bath f lu id ,  because in  la te r  experim ents 
in  which two preparations of the ileum  were suspended in  the same 
bath , sm all q u a n tit ie s  o f histam ine could be c o n s is te n t ly  d etected  
in  the bath f lu id  c o l le c te d  during periods o f  increased  tone and 
rhythmic a c t iv i t y  e l i c i t e d  by compound 48/ 80 , although the amounts 
var ied  from experiment to  experim ent. This i s  shown in  Table 1.
The in je c t io n s  o f compound 48/80  were repeated only a f te r  the 
histam ine output had fa l le n  aga in , although not always to  the o r ig in a l  
le v e l;  sometimes the in te r v a ls  between two in je c t io n s  were as long as 
2-3 hr. The maximal histam ine output occurred e ith e r  in  the f i r s t ,  
second or th ird  20-30 min sample c o l le c te d  a f te r  the compound 48/ 8 0 , 
kept in  the bath fo r  90 s e c . had been washed out.
The/
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C o n t r a c t i o n s  o f  a t r o p i n i z e d  g u i n e a - p i g ’ s  i l e u m  t o  b a t h  
f l u i d  B a n d  h i s t a m i n e  H b e f o r e  ( a t  a ) ,  d u r i n g  ( a t  b )  a n d  
a f t e r  ( a t  c )  0 . 0 4  m e p y r a m i n e .
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The histam ine found in  the hath f lu id  must have d iffu se d  out 
from the w a ll o f the in t e s t in e ,  or a t le a s t  mainly s o ,  and not from  
the lumen, because there was l i t t l e  d iffe r e n c e  in  the r e s u lt s  obtained  
when the two ends o f the donor preparations were t ie d .  This was done 
in  E xpts. 9 10 o f Table 1. In th e se , compound 4S /8O produced the
same in crease  in  rhythm and tone as in  those preparations in  which 
the lumina were l e f t  open.
There was u su a lly  good co r r e la tio n  between th e edegree of tone 
which developed a f te r  compound 48/80 in  a 20-30 min. p eriod , and the 
histam ine content of the bath f lu id  c o l le c te d  at the end of the p er io d .
The c o r r e la tio n  between increased  rhythm icity and histam ine content 
o f bath f lu id  was more d i f f i c u l t  to  a s s e s s ,  because once rhythmic 
a c t iv i t y  had developed, i t  was d i f f i c u l t  to  measure i t s  in te n s ity }  
moreover, the rhythmic movements o ften  become sm aller w ith  a pronounced 
in crea se  in  tone o f the preparation .
The amounts o f histam ine d if fu s in g  out from the in te s t in a l  prepar­
a t io n  represented such a sm all portion  o f i t s  histam ine content th at  
no evidence was obtained o f a reduction o f the t is s u e  histam ine in  the 
in t e s t in a l  w a ll .  For in sta n ce , the histam ine assayed  in  samples o f bath 
f lu id  c o l le c te d  a f t e r  the two in je c t io n s  o f compound 48/ 80 , in  the 
E xpts. o f F ig  7 , amounted to  0 .84  ug- At the end of th is  experim ent, the 
histam ine content of the in t e s t in a l  p ie c e , w eighing 335 “g* wa® determined. 
I t  contained  12 ug, or about 35 u g /g . A con tro l p iece  from the same 
in t e s t in e /
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in t e s t in e  contained  25 u g /g . In another s im ila r  experiment the 
histam ine content was 39 ug /g  fo r  a donor preparation trea ted  v/ith  
se v e r a l in je c t io n s  o f compound 48/ 8O, and 40 u g/g  fo r  a co n tr o l p iec e  
o f in t e s t in e  from the same anim al.
Propamidine. The ad d ition  of 10—20 mg propamidine to  the hath produced 
a stron g  con traction  which d iffe r e d  from that produced by compound 48/ 8O, 
in  th at i t  was more prolonged and a sso c ia ted  with segm ental co n tra ctio n s  
of the c ir c u la r  m uscle. These con traction s o f the c ir c u la r  muscle caused  
some lengthen ing o f the preparation , and when the propamidine was washed 
o u t, the c ir c u la r  muscle relaxed  f i r s t  which produced fu rth er  shorten in g  
of the preparation before the f i r s t  re la x a tio n  o f the lo n g itu d in a l muscle 
occurred (se e  P ig . 9)* Subsequent rhythmic a c t iv i t y  developed in  some 
but not in  a l l  prep aration s. I t  developed more reg u la rly  when the 
propamidine was given in  the course o f an experiment a f te r  previous 
in je c t io n s  o f compound 48/ 80 , w h ils t  there was s t i l l  some rhythmic 
a c t iv i t y  l e f t  over. This i s  shown in  the experiment o f P ig . 9*
Assays o f bath f lu id  a f te r  propamidine, during development of tone 
and rhythmic a c t iv i t y ,  revealed  an increased  histam ine output; fo r  
in s ta n c e , in  one experiment i t  rose from 0 .3  to  1 .2 ,  in  another from 
0 .3  to  3 m ug/m in. The histam ine output in i t ia t e d  by propamidine when 
added to  the bath a f te r  previous compound 48/80 adm in istrations i s  shown 
in  the E xpts. 2, 6 and 10 o f Table 1 .
Tryptamine. Tryptamine produces con traction  in  the g u in ea -p ig ’s ileum , 
fo llo w ed /
F i g .  9* G u i n e a - p i g ’ s  i l e u m  p r e p a r a t i o n  i n  1 5  mg. m a g n e s i u m - f r e e
T y r o d e  s o l u t i o n .  The s p o n t a n e o u s  a c t i v i t y  a t  t h e  b e g i n n i n g  
o f  t h e  t r a c i n g  i s  t h e  r e s u l t  o f  t h r e e  p r e v i o u s  a d m i n i s t r a t i o n s  
o f  2 mg o f  c o m p o u n d  48/80  e a c h .  A t  p ,  10  rag p r o p a m i d i n e  
i s e t h i o n a t e  l e f t  i n  t h e  b a t h  f o r  9 0  s e c .  A t  w ,  r e n e w a l  o f  
b a t h  f l u i d .
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fo llo w ed  by in creased  rhythm icity and tone (Gaddum, 1953; Feldberg  
& Toh, 1953) and w i l l  be shown in  Part I I I  o f th is  th e s is  to  be a 
histam ine l ib e r a to r . In a few experim ents i t  cou ld  be shown th a t the  
periods o f increased  rhythm icity were a sso c ia ted  w ith  an in creased  
output o f  histam ine in to  the bath f lu id ;  fo r  in s ta n c e , in  one 
experim ent the histam ine output a f t e r  20 mg tryptamine rose from
0 .6  to  5 m ug/min.
P-Tubocurarine. Rhythmic con traction s of the g u in ea -p ig ’s ileum  
fo llo w in g  adm in istration  o f D -tubocurarine have been described  
p rev io u sly  (Feldberg, 195l)> and Ambache & Barsoura (1939) have 
obtained histam ine re lea se  by curare from is o la te d  p ieces o f dog’s 
in t e s t in e  incubated in  Tyrode s o lu t io n . When given in  s u f f i c ie n t ly  
high dosage ( l  m g/m l.), D -tubocurarine, lik e  the other histam ine 
l ib e r a to r s ,  has an immediate, strong c o n tr a c t ile  e f f e c t .  The 
period  o f increased  rhythmic a c t iv i t y  which develops a f te r  washing 
out the D-tubocurarine i s  again a sso c ia ted  w ith  an increased  output 
of h istam ine in to  the bath f lu id .  In one experiment w ith twin 
preparations the output rose from 0 .1  to  1.2  m ug/min.
Mepyramine. Mepyramine was shown by Arunlakshana (1953) to  be 
a stro n g  histam ine l ib e r a to r . The fa c t  that i t  i s  a lso  a strong  
an tih istam in e substance, however, u su a lly  masks the stim u latin g  
e f f e c t  of any histam ine re lea sed  in  the in t e s t in a l  w a ll .  In the 
course of experiments w ith  mepyramine two ob servation s, a d ir e c t  
and an in d ir e c t ,  were made which revealed  such a stim u la tin g  actio n
o f /
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o f mepyramine, ( l )  I t  was freq u en tly  found that sm all doses o f  
mepyramine, kept in  the bath fo r  only 20 s e c , did not a t once reduce 
subsequent histam ine co n tra c tio n s . When the histam ine was given  w ith in  
a minute or two a f te r  the mepyramine had been washed o u t, the response  
was p o ten tia ted  (F ig .1 0 ) .  (2 ) '.These sm all doses o f mepyramine, when
given  to  preparations suspended fo r  sev era l hours in  the bath and 
rendered s e n s i t iv e  to  histam ine by i t s  repeated a d m in istra tion , some- 
:tim es produced a sm all con traction  and a short period o f increased  
rhythmic a c t iv i t y ,  which preceded the period o f decreased s e n s i t iv i t y  
to  M stam ine. Such an e f f e c t  i s  i l lu s tr a te d  in  F ig , I I ,  Further, in  
a few preparations which had been given compound 48/80 sev era l tim es 
and were showing some rhythmic a c t iv i t y ,  the add ition  o f 0 ,0 1  ug 
mepyramine produced a sm all con traction  w ith  superimposed rhythm icity  
(F ig . 12a); when the mepyramine was washed out and s u f f ic ie n t  time 
allow ed fo r  i t s  an tih istam ine e f f e c t  to  pass o f f ,  a second dose of 
mepyramine again produced a con traction  which, however, was sm aller  
than th a t produced on i t s  fo r s t  a p p lica tio n  (F ig . 12b).
PlSCbSSIO?.
These experim ents show th at h ista m in e-lib era tin g  substances 
produce c h a r a c te r is t ic  motor e f f e c t s  on the gu in ea -p ig ’s ileum  
preparation  which c o n s is t  o f immediate con tractions fo llow ed , a f te r  
washing out the histam ine lib e r a to r s ,  by prolonged periods o f increased  
mot o r /
IM e .
Fig .  1 0 .  G u i n e a - p i g ' s  i l e u m  p r e p a r a t i o n  i n  15 m l .  m a g n e s i u m - f r e e  
T y r o d e  s o l u t i o n .  C o n t r a c t i o n s  t o  0 . 0 4  u g  h i s t a m i n e  k e p t  
i n  t h e  b a t h  f o r  20  s e c .  A t  Me. 0 . 0 2  u g  m e p y r a m in e  k e p t  
i n  t h e  b a t h  f o r  20  s e c .
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F ig . 11. G uinea-pig’ s ileum  preparation in  15 ml. magnesium-free 
fyrode so lu tio n  about 3 hr a fte r  having been suspended. 
C ontractions to 0 .08  ug of histamine kept in  the bath 
fo r  20 sec a t 90 sec in te r v a ls .  At Me. 0 .05  ug mepyramine 
kept in  the bath fo r  60 s e c .
F ig . 12. G uinea-p ig 's ileum  preparation in  15 ml. magnesium-free 
Tyrode so lu tio n  6 hr a f te r  having been suspended and 
given 2 rag of compound 48/ 8O s ix  tim es. Two contractions  
w ith  superimposed rhythm icity produced by 0.01 ug mepyramine 
l e f t  in  the bath fo r  15 min.
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motor a c t iv i t y  and ton e . There i s  l i t t l e  douht th a t the development 
of tone and the appearance of motor a c t iv i ty  i s  p a rtly  or w holly  the  
r e s u lt  o f histam ine re lea se  in  the in t e s t in a l  w a ll .  During the d e v e l-  
sopment o f spontaneous a c t iv i t y  and ton e , histam ine was shown to  
d if fu s e  out from the in t e s t in a l  w a ll in to  the surrounding bath f lu id ,  
and in  amounts s u f f ic ie n t  to produce motor e f fe c t s  on the in t e s t in a l  
p rep aration . The histam ine which d if fu se s  in to  the bath f lu id  can 
account f u l ly  fo r  the development o f  tone, because when the bath f lu id  
i s  rep laced  by fresh  Tyrode s o lu t io n , or when mepyramine i s  added to  
the bath , the tone i s  removed and the muscle r e le x e s . However, motor 
a c t iv i t y  i s  only p a rtly  a ffe c te d  by these procedures. Hone the l e s s ,  
i t  may r e s u lt  from the histam ine re lea sed , not a fte r  i t  has d iffu sed  
in to  the bath f lu id  but when i t  a c ts  a t the s i t e  of i t s  r e lea se  w ith in  
the muscle co a t. Replacement of the bath f lu id  would not remove th is  
h istam in e, and mepyramine added to  the bath might be unable to  r^ach 
th is  ’ in t r i n s ic ’ histam ine a ctin g  w ith in  the muscle coat a t the s i t e  of 
i t s  r e le a s e .  A d in s t in c t io n  between the action  of ’ in tr in s ic  and 
e x tr in s ic  h istam ine’ (D a le , I948) , would account fo r  a number of other  
d e ta i l s  observed, fo r  in sta n ce , the fin d in g  that motor a c t iv i ty  always 
precedes the development of tone and th a t there i s  a p a ra lle lism  between 
in te n s ity  o f motor a c t iv i t y  and the degree o f tone which develops. The 
p o s s ib i l i t y  cannot be excluded, however, that other fa cto rs  than re lea se  
o f /
-  112 -
histam ine p lay  a part in  th is  development o f motor a c t iv i t y .
The immediate c o n tr a c t i le  e f f e c t  produced by compound 48/ 8 0 , 
propam idine, and large doses o f D—tubocurarine may a lso  be an a c tio n  
o f such in t r in s ic  h istam ine, and the fin d in g  that mepyramine has a 
much weaker e f f e c t  on these con traction s than on those produced by 
histam ine added to  the bath f lu id ,  would be in  accordance w ith  th is  
v iew . The fa c t  that compound 48/80 produces i t s  main giotor e f f e c t s  
on the g u in ea -p ig ’s in te s t in e  only when applied  in  large d o ses , seems 
a t f i r s t  s ig h t  con trad ictory  to  th is  in terp re ta tio n . Compound 48 /80  
i s  known to  be such a potant histam ine lib e r a to r  that one would expect 
i t  to  act in  very  sm all d o ses. However, the high potency a p p lie s  to  
the e f f e c t  o f compound 48/80 on sk in  and s k e le ta l  muscle h istam ine; the 
histam ine of the v isc e r a  i s  r e la t iv e ly  r e s is ta n t  to compound 48/ 8 0 . I t  
i s  th erefo re  not su rp r is in g  that compound 48/ 8O has to  be app lied  in  
r e la t iv e ly  large doses to  produce motor e f f e c t s  on the in te s t in e  w ith  
concom itant re lea se  o f h istam ine. In th is  connexion i t  i s  a lso  
in te r e s t in g  to  note that the doses o f compound 48/80 which regu larly  
produce strong con traction s o f the gu in ea -p ig ’s ileum were found to have 
no e f f e c t  o f th is  kind on the r a t ’s colon preparation; th is  muscle 
preparation  i s  in s e n s it iv e  to  h istam ine.
The concept that the motor e f f e c t s  of histam ine lib e ra to rs  are to  
a great ex ten t due to the aotion  of re leased  histam ine rece iv es  a d d itio n a l 
support/
support from the unexpected motor e f f e c t s  which were o c c a s io n a lly  
seen  w ith  mepyramine before i t s  antih istam ine action  developed , 
because mepyramine i s  not only an antih istam ine substance but a 
potent histam ine lib e r a to r  as w e l l .
When con sid er in g  the motor e f f e c t s  of histam ine lib e r a to r s  on 
the in t e s t in e ,  we have to  r e d liz e  that these substances may have motor 
e f f e c t s  on the in te s t in e  independent o f th e ir  histam ine r e le a s in g  
property; th is  appears to  be so w ith tryptam ine. I t s  immediate c o n tr a c t i le  
e f f e c t ,  which can be obtained repeatedly w ith r e la t iv e ly  sm all amounts 
and even when given a t short in te r v a ls ,  i s  probably not accounted fo r  
by r e le a se  of histam ine but by a d irec t action  o f tryptam ine. Tiyptamine 
a ls o  co n tra cts  the histam ine in s e n s it iv e  r a t ’ s colon preparation , and the 
c o n tr a c t i le  e f f e c t  on the gu in ea -p ig 's  ileum i s  abolished  when the 
tryptamine recep tors are blocked. The spontaneous a c t iv i t y  i t  in d u ces, 
however, p e r s is t s  in  th is  cond ition  and may w e ll be accounted fo r  by 
histam ine r e le a s e .
The concept that the increased  motor a c t iv i ty  seen with so many 
histam ine lib e r a to r s  r e s u lts  from histam ine released  w ith in  the muscular 
coat has s ig n if ic a n c e  w ith regard to  the mechanism underlying atropine  
r e s is t a n t ,  spontaneous a c t iv i t y  of in t e s t in a l  preparations. R elease o f 
histam ine in  the in t e s t in a l  muscular coat may be one mechanism by which 
in t e s t in a l  motor a c t iv i t y  can be produced under p h y sio lo g ic a l and 
p a th o lo g ica l con d ition s in  those sp ec ies  in  which the muscle coat of 
the in te s t in e  i s  s e n s it iv e  to  h istam ine. Ambache & Barsoum (1939) have,
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in  f a c t ,  obtained, some evidence th a t minute amounts o f histam ine are  
released, from the g u in ea -p ig 's  in te s t in e  and. d if fu se  in to  the su rr— 
sounding f lu id  when the preparation i s  made to  contract by various  
means. On the o ther hand, the fa c t  that atropine r e s is ta n t ,  spontan— 
seous a c t iv i t y  occurs in  in t e s t in a l  preparations which are in s e n s i t iv e ,  
or r e la t iv e ly  in s e n s i t iv e ,  to h istam ine, for  in stance the in te s t in e  o f  
the rab b it and r a t ,  shows c le a r ly  that re lea se  of histam ine cannot be 
the only fa c to r  in volved  in  the atropine r e s is ta n t ,  spontaneous 
a c t iv i t y  of the muscle o f the in te s t in a l  w a ll.
SUMARY.
1 . The e f f e c t  o f compound 48/80 on the gu in ea -p ig 's  ileum  prepar- 
sation  suspended in  15 ml. magnesium-free Tyrode so lu tio n  was examined.
When added to  the bath in  a dose o f 2 mg, i t  produced a stron g , tr a n s -  
s ie n t c o n tra c tio n , fo llow ed  by increased  motor a c t iv i t y  and development 
of tone a f t e r  washing out the compound 48/ 80. In a d d itio n , the 
s e n s i t iv i t y  of the preparation to  histam ine and a ce ty lch o lin e  decreased.
2 . The periods o f increased  motor a c t iv i ty  induced by compound 48/80  
were a s so c ia te d  w ith  the d iffu s io n  o f histam ine from the in te s t in a l  w a ll 
in to  the bath f lu id .
3 . The motor e f f e c t s  o f compound 48/80 can be explained by the re lea se
o f h istam in e, when a d is t in c t io n  i s  made between the action  of the histam ine 
d if fu s in g  in to  the bath f lu id  (e x tr in s ic  histam ine) and the histam ine 
a c t in g /
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a c tin g  w ith in  the muscular coat a t the s i t e  o f  i t s  r e le a se  ( in t r in s ic  
h is ta m in e ).
4* Other h istam ine l ib e r a to r s ,  l ik e  propamidine, D—tubocurarine and 
tryptam ine, produce motor e f f e c t s  comparable to  those produced by 
compound 48/ 80 , and a ls o  a sso c ia ted  w ith the appearance o f histam ine  
in  the bath f lu id ;  but histam ine lib e ra to rs  may have motor e f f e c t s  on 
the in te s t in e  independent o f  histam ine r e le a se . This appears to  be so  
w ith  tryptam ine.
5* Sm all doses o f mepyramine, which i s  knovm to be a potant histam ine  
l ib e r a to r ,  sometimes produce, in  the gu in ea -p ig 's  ileum preparation , 
b efore the an tih istam in e e f f e c t  develops, a tran sien t period of increased  
s e n s i t i v i t y  to  histam ine and the appearance o f sm all, rhythmic movements. 
In preparations p rev iou sly  trea ted  w ith compound 48/ 8O, sm all doses o f  
mepyramine may o cca s io n a lly  even cause contraction  w ith superimposed 
rh yth m icity . These e f f e c t s  are a ttr ib u ted  to  histamine r e le a se .
6. The p o s s ib i l i t y  i s  d iscu ssed  that in  some sp ec ies  histam ine p lays a 
r o le  in  1 spontaneous' motor a c t iv i t y  of the in te s t in e .
CHAPTER POJR.
H istam ine-releasing  Substances used in  the  
Experimental Production o f G astric U lcers*
m m .
_  _ ' . v  -  ,  .sT i
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CHAPTER FOUR,
HISTAMBTE-RELEASING SUBSTANCES USED IN THE EXPERIMENTAL 
PRODUCTION OF GASTRIC ULCERS.
Various agents or ex tra c ts  have been described  which have in  the  
past been thought to  induce a s p e c if ic  form of g a s tr ic  u lc e r  e ith e r  
before or a f t e r  s e n s it iz a t io n  o f animals to  them. I t  i s  shown in  th is  
chapter th at gastro tox in  in  gu inea-p igs and horse serum in  r a t s ,  which  
were form erly thought to  induce a s p e c if ic  form of g a s tr ic  u lc e r , do 
so  in  v ir tu e  o f th e ir  common property o f histam ine r e le a s e . These 
sera  and to x in s may be without e f f e c t  when preceded by moderate doses 
o f histam ine lib e ra to rs  planned to  re lea se  the t is su e  histam ine  
gradually; lo s s  of the t is s u e  histam ine annuls the e f f e c t  o f the sera  
and tox in s and tends to  support the argument that they act v ia  
histam ine r e le a se .
MDTHGDS.
Albino guinea—pigs (160—220 g .)  were in jec ted  in tr a p e r ito n e a lly ,  
subcutaneously and in travenously  in to  ve in s  on the e x tr e m itie s , w ith  
Compound 48/80  (Burroughs W ellcome), a potent histam ine lib e r a to r  
(Paton, I 95I ) .  Albino ra ts  were chosen and treated  fo r  histam ine 
d ep le tio n  by the s e r ia l  in je c t io n  technique o f Feldberg and 
T alesn ik  (1 9 5 3 ). T issue ex tra c ts  were made as described  by Smith 
( 1953) and were assayed fo r  histam ine on the atrop in ized  guinea-pig*s  
ileum . Blood for  plasma-histamine determ inations was obtained by
exsanguination  o f /
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o f the animal from the severed  jugular v e in s  in to  a s i l ic o n e d  v e s s e l ,  
co n ta in in g  0*02 mg,/ml, heparin. The hlood was then cen tr ifu g ed  a t  
2000 r .p .m . and the supernatant te s te d  on the g u in ea -p ig 's  ileum  
before and a f t e r  ad d ition  o f mepyramine to  the bath. Many o f th ese  
determ inations were co n tr o lle d , ex tra c tin g  the t is s u e s  by c la s s i c a l  
techniques such as Code's (1937) m odification  of the method o f  
Barsoum and Gaddum (1935).
In p erfu sion  experiments the animals were an aesth etized  with  
25 per cen t urethane 6 m l,/k g . and perfusion  experiments were ca rr ied  
out w ith  Locke's so lu tio n  through which was bubbled 0^ and CO .^ The 
perfu sion  cannula was in ser ted  in to  the supradiaphragmatic in fe r io r  
vena cava for  the lung p erfu sio n , and the superior vena cava and the  
azygos v e in s  were t ie d ;  e f f lu e n t  was c o l le c te d  from a cannula in  the  
a o r ta , from both lungs and the heart in  s i t u .  S im ila r ly , by in se r t io n  
of the p erfusion  cannula in  the upper part of the abdominal aorta , and 
by ty in g  i t s  la t e r a l  branches to  the abdominal w a ll and urinary t r a c t ,  
w ith  fu rth er  l ig a t io n  o f the aorta a t i t s  term ination, the alim entary  
tr a c t  and l iv e r  could be perfused in  s i t u  by in se r t in g  the cannula to  
c o l le c t  the e f f lu e n t  from the hepatic v e in s  in  the supra-diaphragmatic 
portion  o f the in fe r io r  vena cava; l ig a t io n  o f s id e  v i s s e l s  of the vena 
cava and i l i a c  v e in s  was a lso  performed. The t is s u e s  o f the lower 
e x tre m itie s  were perfused  by in se r t in g  the cannula in  the lower abdominal 
a o r ta /
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aorta  and c o l le c t in g  the e f f lu e n t  from another cannula t ie d  in to  
the o r ig in  o f the in fe r io r  vena cava (F ig . l ) .
Subcutaneous in je c t io n s  o f Compound 48/80 were made in  g u in ea -
p igs under the shaved sk in  o f the abdomen in  volumes up to  0 .5  ml.
(con cen tration s of 1 : $00 and 1 : 1000). In tra p er ito n ea l in je c t io n s
were lik e w ise  given using th is  volume, in  a l l  but one group of
experim ents where the volume was increased  up to  5 ml. ( l  : 10,000
s o lu t io n ) .  Histamine lib e r a to r  was a lso  d ispersed  in  a slow re le a se
medium c o n s is t in g  o f peanut o i l  with the addition  o f beeswax as
d escrib ed  by Bruce and Parkes (1952). Antihistam ine was given as
mepyramine m aleate. For the purpose of s e n s it iz a t io n ,  horse serum
was adm inistered subcutaneously ( 0 .5  m l.) and the antigen repeated
14 days la te r :  0 .2  ml. or 0 .5  ml. was now in jec te d  and the time o f
onset and se v e r ity  of symptoms noted ( th is  dose was repeated, i f
n ecessa ry , s in ce  the amount o f antigen required to  produce anaphylaxis
v a r ie s  somewhat.) For primary in je c t io n  o f r a ts ,  w ithout prior
s e n s i t iz a t io n ,  1 ml. horse serum was in jec te d ; th is  was compared w ith
the e f f e c t s  o f 200 ug. Compound 48/ 8O. Aminoguanidine was in jec te d
in  1 m l./k g . dosage as the su lp hate . Gastrotoxin was prepared as
described  by Bolton ( 1904);  10 ml. were in jec te d  in tra p er ito n ea lly
in to  guinea—p igs and the t is s u e  examined for g a s tr ic  u lcers  (B olton ,
*
1908) by standard h is to lo g ic a l  methods.
* Appendix.
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PERFUSION AREAS OF GUINEA PIG
s.v.c.
Aorta
TIE
.V.C.
TO HEART 
& LUNGS
C o e l i a c
a r t e r yLiver
.V.C.
|V Superior  
mesenteric  
artery
s. Inferior  
i mesenteric 
I artery
Portal vein
Aorta
TIE
TO ACRAL REGIONS
F ig . 1 . Perfusion areas o f gu in ea-p ig . Areas 1, 2 and 3 
were perfused a f te r  cannulating the in fe r io r  vena 
cava, c o e lia c  a r te r y , and aorta r e sp e c t iv e ly . The 
e f f lu e n t  was c o lle c te d  from the aorta and in fe r io r  
vena cava supra-diaphragm atically and in  fra -  
diaphragm atieally  r e sp e c tiv e ly .
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RESULTS.
1* Histamine R elease and g a s tr ic  U lcers in  the R at. Feldberg and 
T alesn ik  (1953) have d escribed  the e f f e c t s  o f Compound 48/80  in  the 
r a t .  They found a marked reduction of t is s u e  h istam ine, confirmed  
by the presen t experim ents (F ig . 2 ) ,  the va lu es fo r  the g a stro ­
in t e s t in a l  t r a c t  showing a much sm aller change than the other  
t is s u e s ;  they d etected  the re lea se  in to  the plasma o f  large amounts 
o f h istam in e. The general e f f e c t s  are those o f p ro stra tio n , erythema, 
and oedema (F ig . 3 A, B ). These e f fe c ts  are duplicated  e n t ir e ly  by 
horse serum (F ig . 3 C) which a c ts  as a primary h ista m in e-re lea sin g  
agent in  the rat and does not require the agency o f p r ior  s e n s it iz a t io n  
(Schachter and T a lesn ik , 1952). The plasma va lu es fo r  histam ine a f te r  
200 u g . Compound 48/80  and 1 ml. horse serum are h igh , h igh est when the  
agents are given sy s te m a tic a lly , and most o f a l l  when enzymatic d e s tr u c -  
stion  by histam ine i s  prevented by the an tih istam in ase, aminoguanidine 
(Sohayer and Sm iley, 1954; Table I ,  A .) The e ffe c tso n  the stomach 
c lo s e ly  p a r a lle l  the histam ine va lu es; the greater the histam ine v a lu es  
the h igher the incidence o f u lcera tio n  and erosion (F ig . 4 C compared 
w ith  F , G ), and indeed perforation  may be produced (F ig . 4 H). The 
e f f e c t s  o f  horse serum are le s s  dramatic (F ig . 4 C) than a f te r  
Compound 48 /80  (F ig . 4 F , G) but are greater  during treatment by the 
an tih istam in e agen t, aminoguanidine (F ig . 4 U)«
The most severe e f f e c t s  o f a l l  fo llo w  adm inistration  o f Compound 48/ 8O 
and aminoguanide (F ig . 4 H). Prior treatment w ith Compound 48/80  
r e s u lte d /
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Value for Tissue Percentage  Reduction 
Histamine / i g / G  after treatment with 48/QO
F ig , 2. Histamine va lu es fo r  various t is su e s  of the rat
are l i s t e d  ( l e f t ) ;  the e f f e c t  o f histam ine lib e r a tio n  
by Compound 48/80 i s  to  dim inish t is s u e  histamine as 
in d ica ted  (r ig h t ) ;  average o f three experim ents.
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F i g .  3 .  A ,  A p p e a r a n c e s  o f  s n o u t  a n d  paw  o f  n o r m a l  r a t .
B ,  R a t  g i v e n  i n j e c t i o n  o f  Com pound 48/80 i n t r a -  
j p e r i t o n e a l l y  w i t h  c o n s e q u e n t  o ed e m a  a t  b o t h  s i t e s .
C ,  C o m p a r a b l e  a p p e a r a n c e s  a f t e r  i n j e c t i o n  o f  h o r s e  
s e r u m .
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RAT
2 .
a
'N
F ig , 4» Diagrammatic representation  of rat stomach which
normally c o n s is ts  of upper e p ith e l ia l  sac and lower 
secre tory  p ortion , The d en sity  of s t ip p lin g  i s  an 
attempt to  represent mucosal congestion as appearing 
on colour photographs from 3 animals treated  in  each 
group. Same dose as in  Table 1, A, Normal stomach,
B, A fter  horse serum lo c a l ly  subcutaneously, C, A fter  
horse serum in tr a p e r ito n e a lly . D, A fter horse serum + 
aminoguanidine, E, A fter horse serum in tra p er ito n ea lly  
(previous in je c t io n s  o f Compound 48/80 to  dep lete la b ile  
h istam in e), F, A fter Compound 48/80 lo c a l ly  subcutaneously, 
G, A fter  Compound 48/ 8O in tr a p e r ito n e a lly . H, A fter  
Compound 48/80 + aminoguanidine•
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TABLE 1,
VALUES FOR PLASM HISTAMINE.
Agent Route o f Adm inistration
Histamine 
(u g ./m l.)
A B
Normal va lu es 0 .02 0 .005
Compound 48/80 Local, subcutaneous 
General, in tra p er ito n ea l 
General + aminoguanidine
0 .03
0 .8
1.2
0 .005
0 .2 4
0 .31
Horse serum Local, subcutaneous 
General, in tra p er ito n ea l 
General + aminoguanidine
0 .02
0 .05
0 .0 6
0.005
0 .17
0 .28
Values fo r  the plasma histam ines (a) In the rat a f te r  200 ug. 
Compound 48/80 and i  ml. horse serum. (B) In the guinea-p ig  a f te r  
4 m g./kg. and 0 .5  ml. horse serum repeated a f te r  10-14 days’ in te r v a l  
( in  each case average o f  3 experim ents).
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r e su lte d  in  a r e le a se  o f  histam ine from many t i s s u e s ,  as i s  shown in  
F ig . 2 . Subsequent attem pts to  provoke the ty p ic a l e f f e c t s  o f  horse 
serum (F ig . 4 B, C, D) were in e f f e c t iv e  (F ig . 4 E ).
2* Evidence fo r  Histamine R elease in  G uinea-pigs. In guinea—p ig s  th ere  
i s  l i t t l e  inform ation a v a ila b le  on the e f f e c t s  o f histam ine lib e r a to r s  
on t is s u e  h istam ine. Mongar and S ch ild  (1952) in  experiments w ith  
Compound 48/80 in  v i t r o  found as much histam ine re lea sed  by the a n tig e n -  
antibody reaction  in  s e n s it iz e d  t i s s u e s .  On the other hand, Compound 
48/80 in je c te d  in tr a p e r ito n e a lly  or in travenously  was found by Mota and 
Vugman (1956) to  cause l i t t l e  diminution in  the t i s s u e s .  N ev er th e le ss ,  
they d escrib ed  the appearance o f many e f f e c t s  a ttr ib u ta b le  to  histam ine
en ter in g  the c ir c u la t io n  such as have been observed in  the present
experim ents, fo r  example, v a so d ila ta tio n  in  the ear and p rostra tion  
w ith  resp ira to ry  e f f e c t s .  Evidence that there i s  a re lea se  o f histam ine  
from the t is s u e s  was obtained as fo llo w s .
a . Appearance o f Histamine in  the Plasma. -  Guinea-pigs in je c te d
in tr a p e r ito n e a lly  w ith  10 m g./kg. Compound 48/80 and showing s ign s o f  
histam ine poisoning w ith in  15—30 minutes had appreciable amounts o f  
h is ta m in e -lik e  substance present in  the plasma (Table I I ) .  The a c t iv i t y  
of the substance was probably that o f histamine s in ce  the o o n tra c tile  
e f f e c t  o f both was ab olish ed  by mepyramine5 furtherm ore, the return o f  
the response to  the a c t iv e  substance p a ra lle led  th at o f  histam ine when 
a l l  mepyramine had been washed out o f the bath (Fig* 5)*
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F i g .  5» E f f e c t  o f  0 . 0 6  a n d  0 . 0 5  u g .  h i s t a m i n e  on g u i n e a - p i g ' s  
i l e u m  p r e p a r a t i o n ,  s e t  u p  i n  t y r o d e  s o l u t i o n  i n  2 0 nil. 
h a t h .  A t  E, 0 . 2  m l .  e x t r a c t  of p l a s m a  w a s  g i v e n .  A t  
a r r o w  0 . 4  u g .  n e o - a n t e r g a n  ( m e p y r a m i n e )  a d d e d  t o  b a t h  
a b o l i s h e s  t h e  c o n t r a c t i l e  e f f e c t s .  The f i n a l  c o n t r a c t i l e  
e f f e c t s  o f  t h e  e x t r a c t  a n d  o f  0.05  u g .  h i s t a m i n e  w e r e  
o b t a i n e d  a f t e r  r e p e a t e d  e m p t y i n g  a n d  r e f i l l i n g  o f  t h e  
b a t h  t o  r e m o v e  a l l  t r a c e s  o f  n e o - a n t e r g a n  ( m e p y r a m i n e )  
( a t r o p i n e  1 :  500,000 s o l u t i o n  a d d e d  i n  0 . 2  m l .  s o l u t i o n  
t h r o u g h o u t . )
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b . R elease o f  Histamine from Perfused T issu es. -  To a sc e r ta in  the 
o r ig in  o f the re leased  histam ine various t is s u e s  and organs were 
p erfu sed . Feldberg and T alesn ik , (1953) have shown th at histam ine 
r e le a se  in  the rat occurs p r in c ip a lly  in  such t is s u e s  as sk in  and 
s k e le t a l  m uscles. In the guinea—p ig , however, the histam ine content 
o f the sk in  i s  conspicuously low (F ig . 6) ,  the values fo r  the 
abdominal sk in  ranging from 3 .2  to  9 .9  u g ./g .  in  the present experim ents. 
There a r e , however, sm all areas o f higher histam ine conten t such as the 
sk in  o f the ea r , the submental reg ion , the g e n ita l n ip p le , basa l and 
o r b ita l  reg io n s. On the other hand, in  th is  sp ec ies  other d is t in c t  
t is s u e s  such as lung and in te s t in e  are p a r ticu la r ly  r ich  in  histam ine 
and y ie ld e d  va lu es on ex trac tion  ranging from 42 to  23 u g ./g .
Table I I I  l i s t s  the va lu es fo r  histam ine output a f te r  a r te r ia l  
in je c t io n  o f  Compound 48/ 8O in to  the thoracic and abdominal v is c e r a l  
organs and in to  the lower e x tr e m itie s . Only when skin  and s k e le ta l  
muscle are perfused i s  there a su b sta n tia l re lea se  of h istam ine, the 
output from the lungs, g a s tr o - in te s t in a l tra c t being o f a much lower 
order. V asocon striction  w ith  temporary reduction in  perfusion flow  
accompanied the re lea se  of histam inej in te s t in a l  p e r is ta ls i s  and 
d is te n s io n  o f  the lumen w ith  secre tio n  was observed a f te r  in je c tio n  
o f Compound 48/80  in to  the perfused in te s t in e .
c .  Reduction in  T issue Histamine fo llow in g  Intravenous and In tr a p e r it-  
toneal A dm inistration o f Compound 48/ 80.  — Follow ing the in jec tio n  of 
s u b s ta n t ia l/
% }
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Histamine y u g /G  after treatment with 4 8 / 8 0
F ig . 6. Histamine va lu es fo r  various t is su e s  of the gu inea- 
pigs are l i s t e d  ( l e f t ) j  the e f fe c t  o f histamine 
lib e r a tio n  by Compound 48/80 i s  to  diminish tis su e  
histam ine to  the sm all exten t ind icated  (r ig h t) .  
(Average o f three experim ents).
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su b s ta n t ia l amounts o f Compound 48/80 in to  gu in ea-p igs there was 
only a s l ig h t  reduction  o f t is s u e  h istam ine. The anim als trea ted  
in tr a p e r ito n e a lls  showed a s l ig h t ly  greater reduction  in  the  
histam ine of th e ir  t is s u e s  than the animals trea ted  by immediate 
intravenous in je c t io n  (Table IV, F ig . 6 ) .
TABLE I I .
PLASMA HISTAMINE.
Time a f te r  
In je c tio n s  
(m ins. )
Symptoms
Plasma Histamine 
(u g ./m l.)
15 P rostra tion 0 .2 4
15 P rostration 0 .38
25 Shock 0 .5
30 Shock 0 .5
Control - 0 .005
Control — O.OO5
Plasma histam ine in  ug/m l. o f 4 gu inea-p igs a f te r  10 m g./kg. 
Compound 48/80 in tr a p e r ito n e a lly . As in d ica te d , the animals were 
k i l l e d  when se r io u s ly  a f fe c te d .
TABLE I I I
HISTAMINE OUTKJT.
Dose in  
mg.
Histamine Output (u g ./m l.)
T A E
0 .5 1 .2 0 .8 16.4
1 .0 1.8 1 .7 21.5
2 .0 2 .2 1 .9 28.3
2 .0 2 .6 2 .4 30 .4
Histamine output (u g ./m l.)  in perfusate from th oracic  v isc e r a  (T ), 
aM ominal v isc e r a  (A ), and lower ex trem ities  ( e ) ,  a f te r  various doses 
o f  Compound 48/ 8O.
S evera l measures were adopted to  modity the to x ic  actio n  o f  
Compound 48/80 which may have been the r e su lt  of the s e n s i t iv i t y  of 
t h is  sp e c ie s  to  re leased  histam ine or to the to x ic  e f f e c t s  o f the 
compound i t s e l f .  This was evident as p ro stra tio n , resp ira tory  
embarrassment, and, on post-mortem exam ination, g a s tr ic  u lcers o f  
the acute ty p e . The g a s tr ic  u lcers  and erosions were more pronounced 
w ith  the combination of Compound 48/80 and aminoguanidine (F ig . 7 ®*C). 
To d im inish  the in te n s ity  and y e t permit prolonged actio n  Compound 48/80  
was adm inistered by in tra p er ito n ea l and subcutaneous in je c t io n s  d isso lv ed
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GUINEA-PIG
F ig , 7* Diagrammatic representation  o f gu in ea-p ig ’s stomach..
The d en sity  o f  s t ip p lin g  i s  an attempt to  represent 
mucosal congestion  as appearing from colour photographs 
from 3 anim als, so treated  in  each group. A, Formal 
stomach, B, A fter Compound 48/80 in tr a p e r ito n e a lly ,
C, A fter Compound 48/80 + aminoguanidine. D, A fter  
anaphylactic shock w ith  horse serum in traven ou sly ,
E, A fter  Bolton toxin  (gastro tox in  in tr a p e r ito n e a lly ) ,
F, A fter Volton tox in  (g a stro to x in ) in tr a p e r ito n e a lly  
+ aminoguanidine subcutaneously.
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TABLE IV 
SEDUCTION Iff HIS TAM E.
C ontrol Values ( u g . /g .)  fo r  
Histamine o f Skin Regions
Percentage Reduction 
a fte r  Compound 48/80
A B
(4 -6  days)
C
(10 days)
Ear 38.8 27 32 39
Submental 18.2 3 7 14
Abdomen 7.9 11 13 33
Paw 13.2 6 6 13
E y e lid 14.8 3 5 -
Hares 10.2 3 3 10
G en ita lia 8 .8 4 3 7
Seduction in  sk in  histam ine a f te r  treatment w ith  Compound 48/ 8O:
(A) average va lu es a f te r  intravenous in je c t io n s  (1 .5 -2 .5  m g ./k g .);
( B )  o f animals examined a f te r  4 - 6  days and ( c )  10 days o f in tr a p e r i-  
jto n ea l in je c t io n s  ( t o t a l  dose adm inistered 20 and 46 m g./kg. resp ec­
t i v e l y ;  average of three experim ents).
in  a large bulk o f sa lin e  or d ispersed  in a slow—relea se  medium; in  
another group, histam ine in to x ic a tio n  was avoided by antagonizing the 
re lea sed  histam ine w ith  an antih istam ine compound such as mepyramine. 
With none o f these methods was i t  p o ssib le  to  get as marked a d ep letion  
as w ith  r a t s ,  and there was l i t t l e  reduction in  the r ich  s to res  of 
v is c e r a l /
-  133 -
v is c e r a l  histam ine (Table V).  Comparison of the groups o f  animals 
tr e a te d  over three weeks w ith  Compound 48/80 shows that the h istam ine  
v a lu es  are low est fo r  the mepyramine-injected group o f an im als. This 
may be accounted fo r  by the enhanced re lea se  o f histam ine in  th© 
t i s s u e s ,  s in c e  mepyramine has i t s e l f  the action s o f a strong h i s t -  
:amine lib e r a to r  (Arunlakshana, 1953) .
Table V
REDUCTION Hi HISTAMINE.
Percentage Reduc­
tio n  a f te r  Compound 
48/80  
(T otal Dose 68 mg./
. . . .  ...... ..............-  ks - ) ___________
A ntigen-
Antibody
Reaction
Bolton
Toxin
(G astro-
to x in )
C ontrol Values 1 2 3 4 .  3 6
S k in , ear 36.6 21 27 15 46 50 16
Abdomen 7 .6 19 16 5 38 48 12
S k e le ta l muscle 4 .1 16 17 1 28 31 6
Lung 38 .4 2 9 1 36 33 10
In te s t in e 26.2 4 8 2 10 10 8
Plasma ug/m l. 0 .01 - - - 0 .52 0 .38
Reduction in  histam ine a f te r  treatment with Compound 48/80 over 
three weeks w ith : ( l )  Subcutaneous in je c t io n s  5 (2) In tra p er ito n ea l, in  
5 ml* s a l in e ;  and (3 ) D ispersed in  o i ly  medium; (4 ) 5-25 
mepyramine; ( 5) 0*5 ^1* antigen  in  animals s e n s it iz e d  w ith  horse 
serum; (6 ) In je c tio n  o f Bolton tox in  ( g astro tox in ) .  (1 -6  are the  
average va lu es  from groups o f 8 experim ental an im als.)
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3• Comparison of the E ffe c ts  o f Compound 48/ 80 , G astroxin (or  
’Bolton Toxin1) ,  and S en sitiza tio n ^  -~'r
Eight guinea—pi^s were trea ted  w ith Compound 48/80  in tr a p e r ito n — 
: e a lly  in  5 ml. s a lin e  as in Table V. S im ilar  groups were s e n s it iz e d  
w ith  horse serum and w ith  Bolton to x in . A dm inistration of the an tigen  
produced s im ila r  but more severe p rostra tion  than th at produced by 
Compound 4 8 /8 0 . There were comparable but le s s  sev ere  e f f e c t s  in  
those trea ted  w ith  Bolton tox in ; fo r  example, in  the groups trea ted  
w ith  antigen  the e f f e c t s  developed w ith in  1-2 minutes a f t e r  in t r a -  
jvenous in je c t io n , but were delayed for  2-5 minutes and la s te d  fo r  
10-15 minutes only fo llo w in g  the adm inistration  of Bolton to x in .
Table V l i s t s  the reduction in  histam ine values in  each ca se . The 
antigen-antibody reaction  produced considerable f a l l  in  the histam ine  
content of various t is s u e s ;  a f te r  in je c tio n  o f Bolton toxin  there  
was a sm all reduction in  t is s u e  histam ine comparable to th a t e l i c i t e d  
by Compound 48/80 in  th is  sp e c ie s .
The e f f e c t s  of Compound 48/80 on the g a s tr ic  mucosa were those  
of erosion  and u lc e r a tio n . Erosions were o cca sio n a lly  produced by 
s in g le  in tra p er ito n ea l in je c t io n s  (4 m g./kg.) o f Compound 48/ 8O 
(F ig . 7 B ), but the e f f e c t s  were g rea tly  in te n s if ie d  by pre-treatm ent 
w ith  aminoguanidine (Fig* 7 C) and the histam ine va lu es were
augmented in  plasma samples examined (Table T, B ). F ig . 7 D, E, F 
i l lu s t r a t e s  the appearance o f the stomach a f te r  anaphylactic shock, 
a f t e r /
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a f t e r  Bolton to x in , and Bolton tox in  plus aminoguanidine. In 
each, case there i s  marked engorgement o f  the g a s tr ic  mucosa and 
the e f f e c t s  have been in te n s if ie d  by the an tih istam ine ag en t, 
which su ggests  that lo c a l re lea se  of histam ine p lays a part in  
th e ir  production. C onversely, the e f f e c t s  were d im inished , or 
were ab sen t, a f te r  p r ior  treatment with Compound 48/ 80 , and the  
appearances were su b s ta n t ia lly  the same as in  F ig . 7 A.
DISCUSSION.
On in je c t io n  of Compound 48/ 8O and horse serum in to  ra ts  
there was a f a ir  degree of histam ine re lea se  in to  the blood­
stream , one seq u el o f which was the occurrence o f g a s tr ic  u lc e r -  
sarion . These e f f e c t s  were in te n s if ie d  by aminoguanidine, which 
i s  an agent which prevents the enzymatic d estru ction  o f h istam ine.
In c o n tr a s t , Compound 48/ 80 , which i s  an agent which r e le a se s  
tissu e -h ista m in e  s to r e s ,  could be used to  d ep lete  the t i s s u e -  
histam ine s to res  slow ly  w ith minimal to x ic  e f f e c t s ;  subsequent 
ch a llen g in g  w ith horse serum was then in e f f e c t iv e .  I t  should be 
noted that horse serum in  ra ts  acts  as a primary histam ine l ib e r a to r ,  
th at i s  to  say , i t  can act w ithout p rior s e n s it iz a t io n  o f the anim al. 
G astric u lce ra tio n  may then be induced by horse serum actin g  lik e  
any other histam ine lib e r a to r , w ithout the need fo r  s e n s it iz a t io n  
by lo c a l adm in istration  d ir e c t ly  in to  the stomach w a ll fo llow ed  by 
la te r  in je c t io n  o f antigen  sy stem ica lly  a t a la te r  d a te , as described
W
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by J a h ie l ,  J a h ie l ,  and Krakauer (1952) fo r  r a b b its .
In gu in ea-p igs the e f f e c t  on the histam ine of sk in  and 
s k e le ta l  muscles i s ,  by comparison w ith r a ts ,  not a t a l l  s t r ik in g ,  
but th is  may be the r e s u lt  o f the fa c t  that the lo c a l s to re  o f  
histam ine in  th is  sp ec ie s  i s  not high a t th is  s i t e .  In th is  s p e c ie s  
i t  i s  w e ll known th at the t is s u e s  of the lung and g a s tr o - in te s t in a l  
tr a c t  con tain  the g rea te st concentrations o f h istam ine. N e v e r th e le ss , 
there was l i t t l e  re lea se  o f histam ine on a r te r ia l  perfusion  o f  the  
v is c e r a  w ith  Compound 48/ 8O; furtherm ore, a f te r  continuous treatm ent 
w ith  i t  there was s t i l l  a com paratively sm all e f f e c t  on the histam ine  
a t these s i t e s .  I t  may be that there i s  a lim it in g  fa c to r  to  r e le a se  
o f larger q u a n tit ie s  of t is s u e  h istam ine, provided to  o f f s e t  su sc e p t-  
: i b i l i t y  o f th is  sp ec ie s  to  histam ine i t s e l f .  I t  was estim ated  fo r  
in stan ce by Mayer (quoted by Dubos, 1952) that the gu inea-p ig  was a t  
le a s t  700 tim es more s e n s it iv e  to  histam ine than the r a t .
Attempts were made to  minimize the reaction  to  the re lea se  o f  
histam ine by in je c t in g  large volumes of Compound 48/80 in  d ilu te  
con cen tration , by in je c t in g  i t  in  a retard medium, and by in je c t in g  
mepyramine to  antagonize the released  histam ine. The greater reduction  
in  t is s u e  histam ine occurred when Compound 48/ 8O and mepyramine were 
adm inistered to g eth er . A p o ssib le  explanation  l i e s  in  the fa c t  th a t  
the an tih istam in e, mepyramine, i s  paradoxically  a strong h istam ine- 
r e le a s in g  agent (Arunlakshana, 1958) and the two substances may 
to g e th er /
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tog eth er  exert an enhanced e f f e c t .
G uinea-pigs trea ted  w ith  Compound 48/ 80 , though showing the 
s l ig h t e s t  evidence only o f reduction o f histam ine in  the t i s s u e s ,  showed 
ty p ic a l  histam ine e f f e c t s ,  as did others s e n s it iz e d  w ith  horse serum a f te r  
ad m in istration  of the an tigen ; s im ila r  e f f e c t s  were produced by g a s tr o -  
:tox in  or Bolton to x in . The e f f e c t s  of gastro tox in  were furthermore 
aggravated by the use of aminoguanidine which prevents d estru ctio n  o f  
histam ine by h istam inase. Such a r e s u lt  strengthens the b e l i e f  th a t  
ga stro to x in  ex er ts  i t s  e f f e c t s  v ia  the interm ediary agency o f h istam in e. 
This was again proved l ik e ly  by prelim inary slow re lea se  o f the la b i le  
histam ine o f the t is s u e s  w ith  sm all doses o f Compound 48/80 adm inistered  
some time before the in je c t io n s  o f g a stro to x in . Under these con d itio n s  
gastro to x in  could be rendered in e f f e c t iv e .  I t  i s  concluded that the  
s p e c if ic  g a stro tox in  described  by Bolton exerts  i t s  e f f e c t s  as a 
histam ine l ib e r a to r .
SUMMARY.
1. Intravenous and in tra p er ito n ea l in je c t io n s  of Compound 48/80 in  
gu inea-p igs and ra ts cause g a s tr ic  erosion s and u lcera tio n  which are the  
r e s u lt  o f histam ine r e le a s e .
2. Prolonged treatm ent w ith  Compound 48/ 8O e ffe c te d  considerable  
reduction  in  the t is s u e  histam ine of r a ts .  The reduction  of t is s u e  
histam ine o f gu inea-p igs was by comparison s l ig h t ;  more thorough r e le a se  
of histam ine was prevented by the outstanding s e n s i t iv i t y  of gu inea-p igs  
to  sm all amounts of re leased  h istam ine. Measures to  antagonize or
co u n tera ct/
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counteract the in te n s ity  of the h ista m in e-lik e  e f f e c t s  were adopted, 
hut th ese  in  turn in flu en ced  the process o f histam ine r e le a s e . In the 
case o f mepyramine, the histam ine lib e r a tio n  from the t is s u e s  was even  
accentuated .
3* Horse serum produces the same e f f e c t s  as a histam ine lib e r a to r  in  
r a ts ;  the g a s tr ic  e f f e c t s  are in te n s if ie d  w ith  the a n tih is ta m in a se , 
aminoguanidine. The e f f e c t  of horse serum i s  in v a lid a ted  by p rior  
histam ine r e le a se  e f fe c te d  by sm all doses of Compound 48/80 given over  
a prolonged p eriod .
4* R elease o f histam ine accounts fo r  the action  of g a stro tox in  or 
Bolton tox in  in  gu in ea -p ig s . Comparable e f f e c t s  on the stomach are 
produced by Compound 48/80 and anaphylactic shock . Aminoguanidine 
a c tin g  as an an tih istam inase in t e n s i f ie s  these e f f e c t s .  Prior t r e a t -  
sment w ith  Compound 48/80 in  sm all doses over a prolonged period  
in v a lid a te s  the e f f e c t s  of gastro tox in  given subsequently.
CHAPTER FIVE.
The D is tr ib u tio n  o f a S y n th e tic  A ntih istam ine  
and i t s  E ffe c ts  on T issue H istam ine, w ith  a 
Method fo r  i t s  B io lo g ic a l Assay in  the T issu e .
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CHAPTER FIVE.
THE DISTRIBUTION OP A SYNTHETIC ANTIHISTAMINE
AND ITS EFFECTS CN TISSUE HISTAMINE, WITH A 
METHOD FOR ITS BIOLOGICAL ASSAY IN THE TISSUE.
There i s  now a unanimous body o f opinion th a t ,  w h ile  the sy n th e t ic  
a n tih ista m in es are capable o f b lock ing the system ic a f f e c t s  o f  h is ta m in e , 
they f a i l  to  an tagon ise the secretagogue a c tio n  on the p a r ie ta l  c e l l s .  
This has been s tr ik in g ly  demonstrated by Halpem  (1948) who showed th a t  
although gu in ea -p igs could be p rotected  a g a in st the system ic e f f e c t s  
o f as much as 1500 le th a l  doses o f histam ine by a n tih is ta m in e , many 
died  w ith in  48 hours as a r e s u lt  o f p erfora tion  o f g a s tr ic  u lc e r s .
Kay and F orrest (1956) examined the actio n  o f  a sy n th e tic  a n t ih i s t -  
jamine a p p lied  lo c a l ly  to  the secre to r y  su rface o f  the g a s tr ic  mucosa; 
to p ic a l  a p p lic a t io n , which i t  can be argued, ought to  enhance lo c a l  
pen etration  o f  the drug, markedly suppressed the a c id  secre to r y  response  
to  h istam in e.
Were i t  p o ss ib le  to measure the q u a n tit ie s  o f  an an tih istam in e  
d is tr ib u te d  in  the t is s u e s  a f t e r  system ic or ora l ad m in istration  o f  i t ,  
i t  would be o f  in te r e s t  to  determine how much an tih istam in e was a c tu a lly  
taken up by the stomach. Absence o f  the an tih istam ine from g a s tr ic  
t is s u e  a f t e r  system ic in je c t io n  might be a reason fo r  the fa i lu r e  o f  
an tih istam in e to  annul the a c id  secre to r y  e f f e c t  o f h istam in e. I t  
seemed important to  d ev ise  a method to  stud y  the t is s u e  d is tr ib u t io n  
o f /
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o f an tih istam in es fo r  th is  rea so n .
METHODS.
1) Dose responses o f an tih istam in e su bstan ce.
A preparation  o f the g u in ea -p ig 's  ileum , to  which had been added 
7
atrop in e in  1:10 co n cen tra tio n , was made to  con tract a t  80 second  
in te r v a ls  to  known amounts o f histam ine l e f t  in  the organ bath fo r  
20 seconds. The an tih istam in e was added to  the bath in  sm all amounts 
w ith  histam ine and washed out w ith  i t  a f t e r  20 seconds. The f i r s t  
histam ine con tra ctio n  was u n a ffec ted , provided the amount o f the 
histam ine an tagon ist were 0 .0 5  US mepyramine or l e s s .  When, however, 
fu r th er  histam ine con traction s were repeated at 60 second in t e r v a ls ,  
the second and th ird  con tra ctio n s were depressed in  amount. The 
an tih istam in e e f f e c t  was th erefore a delayed one : more than one 
minute had to  e la p se  before i t  became e v id e n t. The an tih istam in e  
e f f e c t  was estim ated  by n otin g  the ex ten t o f dim inution o f the second  
or th ird  c o n tra c tio n , whichever was dim inished to  the greater  e x te n t .
The depressant e f f e c t s  o f various amounts of mepyramine m aleate 
on the c o n tr a c t i le  e f f e c t  o f 0 .0 5  ug histam ine are i l lu s t r a t e d  in  
Figure 1. In the accompanying diagram, the histam ine depressant e f f e c t  
of mepyramine i s  recorded as fo llo w s:  the standard 0 .0 5  ug histam ine  
con traction  was measured in  cen tim etres and given  the va lu e o f 100.
The reduced co n tra ctio n s  a f te r  the an tih istam ine were a lso  measured 
in /
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in  cen tim etres and recorded on a graph as a percentage o f  the standard  
h eigh t o f the o r ig in a l c o n tr a c tio n s . The e f f e c t s  o f 0 .0 2 5 , 0 .0 3  and 
0 .04  and 0 .0 5  ug mepyramine are recorded in  th is  F igu re, both on the  
o r ig in a l experim ental record and a f te r  tr a n sp o s itio n  to  a diagram are 
i l lu s t r a t e d  reading downward from 100^,as unshaded areas on a dark 
background. I t  w i l l  be apparent from Figure I  th a t the in h ib ito r y  
e f f e c t s  become g rea te r  w ith  in crease  in  con cen tration  o f the a n tih is ta m in e , 
or v ic e  v e r sa . The minimum reproducible e f f e c t  o f th is  type was th a t  
produced by 0 .02  ug mepyramine. S e r ia l  ad m in istra tion  o f 0 .0 4  ug 
mepyramine demonstrated the constancy o f  the in h ib ito r y  e f f e c t .  In 
each case a f t e r  the an tih istam in e was washed out of the b ath , h istam ine  
was added r e p e t i t iv e ly  t i l l  the normal co n traction  heigh t was r e ­
e s ta b lish e d  before beginning a fu r th er  t e s t .
I f  an tih istam in e substances could be obtained in  e x tr a c ts  from 
the t i s s u e s ,  an a ssa y  procedure might be d ev ised  comparing the e f f e c t s  
o f the ex tr a c ts  w ith  the e f f e c t s  o f sm all amounts of an tih istam in e  
so lu tio n s  on the h istam ine stim u lated  guinea p ig 's  ileum  preparation; 
in  such an assay the ex tra c ts  and standard so lu tio n s  would have to  be 
a lter n a te d  t i l l  th e ir  r e sp e c tiv e  stren gth s were a sse sse d .
2) T r ia l ex tra c tio n  o f an tih istam in e drugs from the t i s s u e s .
I t  had been observed th a t , when histam ine was ex tracted  from t is s u e s  
o f gu in ea-p igs in je c te d  w ith  mepyramine m aleate, the an tih istam in e in t e r -  
sfered w ith  the assay  o f histam ine by in h ib it in g  i t s  stim ulant a ction  
on/
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Standard Contractions of 0  0 5 jug Histamine
F i g .  1 T h e  t o p  t r a c i n g  i s  a  r e c o r d  o f  t h e  d e p r e s s a n t  e f f e c t s  o f  
0.025  m g ,  0 . 0 3  u g ,  0 . 0 4  u g  a n d  0.05  u g  m e p y r a m in e  m a l e a t e  
on  t h e  s t a n d a r d  c o n t r a c t i l e  e f f e c t  o f  0.05  u g  h i s t a m i n e
on  t h e  g u i n e a - p i g  i l e u m  p r e p a r a t i o n .
I n  t h e  l o w e r  r e c o r d  t h e  d e p r e s s a n t  e f f e c t s  a r e  r e c o r d e d  a s
a  f a l l  b e l o w  1 0 0 $ .  The w h i t e  i n v e r t e d  p e a k s  c u t t i n g  i n t o
t h e  h l a c k  b a c k g r o u n d  g i v e  a  m e a s u r e  o f  t h e  $  i n h i b i t i o n  o f  
t h e  s t a n d a r d  e f f e c t  e . g .  0.05  u g  m e p y r a m in e  r e d u c e d  t h e  
h i s t a m i n e  c o n t r a c t i o n  t o  4 0 $  o f  w h a t  i t  w a s  f o r m e r l y .
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on the gu in ea -p ig  ileum . S in ce the method o f e x tr a c tio n  fo r  h istam ine  
was the one described  by Feldberg and Schachter ( 1952) ,  the s te p s  o f  
t h is  procedure were ap p lied  to  the t i s s u e ,  to  see  whether the h istam ine  
an ta g o n ist was ex tra c ted  and assayed  to  the f u l l .
a ) E ffe c t  o f b o ilin g  in  a c id  on the s t a b i l i t y  o f  mepyramiwa,
20 m l. o f  0 .1  ug/ml so lu tio n  o f mepyramine m aleate was b o ile d  w ith
2 .5  ml. N/HCl fo r  10 m inutes. The so lu tio n  was co o led , and n e u tr a lise d  
to  pH 7*4 w ith  BDH in d ic a to r . The volume was made up to  25 m l. s a l in e .  
One m l. o f th is  so lu t io n  was d ilu te d  ten  times? 0 .5  ml. o f  th is  so lu tio n  
ought to  contain  0 .0 4  ug mepyramine had i t  w ithstood  treatm ent. I t  was 
compared w ith  a non-boiled  so lu t io n  trea ted  id e n t ic a l ly  and n e u tr a lis e d ,  
and a ls o  w ith  a so lu tio n  o f mepyramine a lo n e , d ilu te d  to  1*10 m illio n  
from stock  so lu t io n . From the a ssay  recorded in  F ig . 2 i t  may be 
deduced th a t the histam ine an tagon ist i s  in  no way reduced by the 
b o ilin g  or treatment w ith  a c id .
b) Test ex tra c tio n  o f mepyramine added to  t is s u e  sam ples.
Mepyramine was added to  patches o f abdominal sk in  taken from a
200 g gu in ea-p ig . The portions o f sk in  were cut in to  sm all p ie c e s  in  
a mortar and 13*5 Ug/G mepyramine added to  each, before adding 1 ml 
h/HCI. The t is s u e  was then ground w ith  f in e  sand, b o iled  and f i l t e r e d  
and n e u tr a lise d . I t  was f in a l ly  d ilu ted  w ith  sa lin e  before t e s t in g  on 
the g u in ea -p ig 's  ileum  preparation . I t  was estim ated that 9 ug/G were 
recovered in  a f i r s t  t e s t  on the f i r s t  sample? repeated assays on the  
f i r s t  sample performed, a f te r  a llow ing  th e /
1 4 4  -
0 0 4 / j g 0 0 4  /jg 0  0 3  >ug
0  0 4  jug 0  0 4  jug 0  0 4 jug
0  0 4  ;ug = Unboiled solution 
0  0 4  jug = Boiled solution
F i g *  2 i l l u s t r a t e s  i n h i b i t o r y  e f f e c t s  ( t h e  i n v e r t e d  w h i t e  p e a k s )  
f o r  0,04  u g  m e p y r a m in e  m a l e a t e ,  b o t h  b o i l e d  a n d  u n b o i l e d .  
B o i l i n g  d o e s  n o t  d i m i n i s h  t h e  i n h i b i t o r y  e f f e c t ,  f h e  
e f f e c t  o f  0 . 0 3  u g  m e p y r a m in e  i s  a l s o  s h o w n .
-  145 -
the e x tr a c ts  to  stand 2 and 4 hours r e s p e c t iv e ly  gave v a lu e s  o f
1 2 .5  Ug/G and 14*3 ug/G. The a ssay  fo r  the fou r  hour sample i s  
presented  in  Figure 3 . The amount o f  an tih istam in e d e tec ted  12 
hours la t e r  was not s ig n i f ic a n t ly  g rea te r  (15*1 ug/G ). I t  was 
concluded th at the assay  done a t  four hours gave a s u f f i c ie n t  
estim ate  (80$) o f an tih istam in e presen t s in ce  d u p lica te  t e s t s  
w ith  a second specimen o f  the same t is s u e  gave v a lu es  o f  10 .1  
ug/G a t the f i r s t  t e s t ,  12 .9  ug/G a t  two hours, 15.8  ug/G a t  
four hours and 15*6 ug/G a t  12 hours. A much sm aller  amount o f  
a n tih ista m in e , i t  w i l l  be observed, was d etected  in  the f i r s t  
ex tra c tio n  o f both th ese  t is s u e  sam ples. The co n cen tra tio n , 
however, increased  p ro g ress iv e ly  a f t e r  a llow ing  the a c id  e x tr a c ts  
to  stand fo r  some tim e. I t  appeared as though the an tih istam in e  
was attached  to  something in  the t is s u e  m atrix or c o l lo id  and was 
p recip ita ted ^  a f t e r  a period o f time the an tih istam ine seemed to  
have become free  in  the supernatant o f  the ex tra c t which would 
exp la in  why the concentration  in  th is  layer  increased  the longer  
the a c id  sa lin e  ex tra c t was allowed to  stand before f i l t e r in g .
Various fa c to rs  were in v e stig a te d  to help minimise the lo s s  
o f an tih istam ine substance during the ex tra c tio n  procedure. These 
were as fo llo w s x -
l )  P o ssib le  binding to  c o l lo id  substance in  the e x tr a c t.
The p r e c ip ita te  was re -ex tra c ted . When in  a f i r s t  t e s t  there
had/
-  1 4 6  -
0  0 4  /jg
3 • 5 mg 3-5 mg 3 -5 mg
0 0 6  /jgQ 0 4  jug 0 - 0 5  jug
40
F i g .  3 s h o w s  a n  a s s a y  i n  w h i c h  t h e  i n h i b i t o r y  e f f e c t s  o f  
v a r i o u s  a m o u n t s  o f  m e p y r a m in e  h a v e  b e e n  co m p ared ,  
w i t h  t h a t  o f  3 * 5  mg. o f  t h e  e x t r a c t  i n  s o l u t i o n  -  
0.04  u g  i n  t h e  f i r s t  a n d  t h i r d  a p p l i c a t i o n s  g a v e  
c o m p a r a b l e  d e p r e s s a n t  e f f e c t s .  3 . 5  wg* w a s  e q u i v -  
s a l e n t  i n  i t s  e f f e c t s  t o  s l i g h t l y  l e s s  t h a n  0.05  u g .
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h a d  been a l o s s  of 8 .5  ug , a s e c o n d  t e s t  r e d u c e d  t h i s  t o  3 . 2 , t h u s  
s h o w i n g  t h a t  a double e x t r a c t i o n  E d g h t  l e a d  t o  a r e c o v e r y  o f 15*3 ug 
o u t  o f  1 8 . 5  u g .
2) In a c tiv a tio n  o f an tih istam in e in  the t i s s u e s .
I f  enzymatic d estru ctio n  played any part in  the disappearance o f  
an tih istam in es from the t i s s u e s ,  the ad d ition  o f a c id  b efore the  
ad d ition  o f the an tih istam ine should have annulled t h i s .  N/HC1 was 
added to  a p iece  o f skin to  which mepyramine was then added to  g iv e  
a concentration  o f 18 .5  ug/G; ex tra c tio n  o f the t is s u e  was performed 
and the ex tra c t was allow ed to  stand fo r  4 hours before f i l t r a t io n  
y ie ld ed  14*5 ug/G. The converse o f th is  experiment was ca rr ied  out 
in  which the skin was allow ed to stand w ith mepyramine in  con tact w ith  
i t  fo r  periods o f 30 minutes to  2 hours. At the end o f these tim es 
acid  was app lied  and the t is s u e  macerated, d ilu ted  w ith  s a l in e ,  b o ile d ,  
f i l t e r e d  and n eu tra lised ; a f te r  30 minutes con tact, the mepyramine assay  
was 14 .1  ug/G; a f te r  2 hours contact w ith mepyramine.,the assay fig u re  
was 14.3 ug/G.
3) Combination w ith t is s u e  h istam ine.
Arunlakshana has shown that mepyramine lowers the histam ine va lu es  
fo r  the gu in ea -p ig ’s t is s u e s ,  in  'in  v it r o '  experim ents. She has 
p ostu la ted  that some antih istam ine may a lso  be histamine r e lea s in g  
agen ts. I t  might be that some lo s s  o f antihistam ine substance 
occurred in  the ex traction  procedure from the t is su e s  were some of the 
histam ine re lea s in g  substance and histam ine to go in to  some form of  
combination a t the moment o f re le a se . Were lo s s  o f histam ine an tagon ist  
due to  an in a ctiv a tio n  of th is  type, a great fra c tio n  of i t  might be
extracted  i f /
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I f  a l l  the histam ine had f i r s t  been r e le a se d . A p ortion  o f  g u in e a -  
p ig 's  sk in  was incubated w ith  1 mg compound 48/ 8 0 , which i s  a p oten t  
histam ine lib e r a to r , (Paton , 1951). The s o lu t io n , 2 ml. Tyrode was 
decanted o f f  a f t e r  5 minutes and the t is s u e  washed. Mepyramine was 
added and the ex tr a c t f i l t e r e d  a f t e r  four hours, n e u tr a lise d  and 
te s te d .  The amount recovered was not enhanced; i t  remained a t
14 .6  ug/G.
4) Technique o f  assay; a r te fa c ts  lead ing  to  abnormal r e s u l t s .
In p ra ctice  i t  has been found that the most s a t is fa c to r y  a ssa y
was obtained by m aintaining constant the quantity  o f ex tra c t to  be 
te s te d  and assaying w ith  varying amounts o f a n tih ista m in e . (See F ig . 3 ) .  
Greater d i f f ic u l t y  in  ob tain ing  comparable e f f e c t s  w ith  a standard dose 
o f a n t ih is t  amine was more usual when the amount o f  the ex tr a c t was 
v aried ; the e r r a tic  e f f e c t s  n e c e ss ita te d  the abandoning o f the a ssa y .
This may have been the r e s u lt  o f e x c it in g  agents as w e ll as the  
in h ib ito r y  antih istam ine being present in  the e x tr a c t. An in crease  
in  the f i r s t  two antih istam ine responses (F ig . 4» 0 .03  ug mepyramine) 
was u su a lly  a sso c ia ted  w ith fa ilu r e  of the assay; sm all q u a n tit ie s  o f  
ex tr a c ts  were given to  attempt to  minimise the v a r ia b i l i ty  but i t  w ill
f
be seen that the responses to the second and th ird  ap p lica tion s o f  
0.03 ug antih istam ine were s t i l l  ir reg u la r .
5 ) Routine method o f assaying antih istam ine drugs in  t is s u e  
e x tra c ts  and the assay in  the presence o f an tih istam in e.
From the above experiment the fo llow ing  technique was evolved
th e /
-  1 4 9  -
F i g .  4  i l l u s t r a t e s  a  t y p e  o f  a t t e m p t e d  a s s a y  w h i c h  u s u a l l y  
h a d  t o  h e  a b a n d o n e d .  The a p p l i c a t i o n s  o f  0 . 0 3  u g  
m e p y r a m in e  a t  1 a n d  2 d o  n o t  g i v e  c o m p a r a b l e  e f f e c t s .
I n  s p i t e  o f  a l t e r i n g  t h e  a m o u n t  o f  e x t r a c t  a p p l i e d  a  
s t a b l e  e f f e c t  i s  n o t  a c h i e v e d  w i t h  e a c h  s u c c e s s i v e  0 . 0 3  u g .
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the assay  was not begun on a fr e sh  g u in ea -p ig ’s ileum  preparation  but 
only a f t e r  i t  had been suspended in  the organ bath fo r  a t  le a s t  two 
hours. T issue was taken from the animal which had been in je c te d  w ith  
the a n tih ista m in e , weighed on a to r s io n  balance and covered w ith  Tf/3 
or n/ hC1 . I t  was then cu t up and ground w ith  sand in  a mortar. The 
a c id  ex tr a c t was washed w ith  s a lin e  in to  an Erlenmeyer f la s k  and 
b o ile d ; the t is s u e  d isrupted  and a p r e c ip ita te  formed. The con ten ts  
o f the f la s k  were then removed to  a measuring c y lin d e r , B.D.H. 
in d ic a to r  was added and u /3 NaH added to the n eu tra l p o in t. This 
so lu tio n  was allowed to  stand fo r  4 hours and the supernatant was then 
decanted o f f .  Acid ex tra c tio n  was then tw ice repeated on the p r e c ip ita te  
and the so lu tio n s  thus obtained were combined and assayed fo r  th e ir  
antih istam ine potency.
I t  has already been mentioned th at an tih istam ines such as mepyramine 
did  not b lock the f i r s t  histam ine contraction  when they were added to  a 
g u in ea -p ig 's  ileum preparation con tracting  to  f ix e d  standard doses o f  
histam ine. I f  much histam ine were present in  the ex tra c ts  i t  might be 
expected to  increase the c o n tr a c tile  e f f e c t  of the guinea p ig 's  ileum  
w ith  the r e su lt  th at the balanced sequence o f con tractions would alm ost 
c e r ta in ly  be u p set; before f in a l  assay o f the antih istam ine an approx— 
sim ation to  the amount o f  histam ine present in  the ex tra c t had to  be 
made and th is  quantity o f histam ine added to  the r e s t  so lu tio n s  so  
th a t l ik e  e f f e c t s  would be obtained. (This fa c to r  was not taken in to  
account/
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account in  the assays recorded in  F igures 3 and 4 because the t is s u e  
e x tr a c ts  in  th ese  in sta n ces  were chosen as having p a r t ic u la r ly  low , 
alm ost n e g l ig ib le ,  h istam ine v a lu e s ) .  The histam ine presen t in  the 
e x tr a c ts  was a sse ssed  by d ilu t in g  the e x tr a c ts  to  the po in t where no 
fu rth er  an tih istam ine e f f e c t s  were ob tained . I t  was found in  p r a c tic e  
th a t th is  meant d ilu t io n  o f the an tih istam in e below a con cen tration  o f  
.02 ug/m l. The an tih istam in e e f f e c t  in  the so lu t io n  obtained by e x tr a o -  
:t io n  o f  t is s u e  was thus elim in ated  and the histam ine potency o f the  
so lu tio n  determined by d ir e c t  comparison w ith  histam ine so lu t io n  on 
the g u in ea -p ig ’s ileum .
RESULTS.
a) Recovery o f  antih istam ine ’in  v iv o * .
F ive mg/kg mepyramine was in jec te d  in tr a p e r ito n e a lly  in to  three  
g u in ea -p ig s . One and a h a lf  hours la t e r  t is s u e  was removed a f te r  
stunning the animals and b leed ing  them. Assays fo r  an tih istam ine  
were performed as described above. The fig u res  ( in  ug/G fresh  t is s u e )  
are given in  Table I .  I t  appears that some t is s u e s  have c o n s is te n t ly  
more antih istam ine in  them than others; to  i l lu s t r a t e  th is  the value  
fo r  one area , e .g .  abdominal sk in , was taken as u n ity  and a l l  other  
va lu es  fo r  each gu inea-p ig  are compared aga in st t h is .  (Table 2 ) .  B rain , 
sp leen  and in te s t in e  contain  more antih istam ine than other t is s u e s ;  Hb  
sk in  of the other regions examined (paw, submental and ear) contain  
amounts approximately the same as the abdominal sk in . L iver contains  
l e s s e r /
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TABLE 1.
Recovery o f  an tih istam in e (mepyramine m aleate) from the t is s u e s  
o f  gu in ea -p igs trea ted  hy in tr a p e r ito n e a l in je c t io n  o f  5 mg/kg. 
Mepyramine i s  expressed  as u g /g  wet t i s s u e .
Animal 1 Animal 2 Animal 3
T issue
( Abdomen 2.5 1.5 2.8
(  Ear 4 .5 8 .2 1.0
Skin ( Submental 3 .0 5.4 1.5
(  paw 2.3 3.4 1*5
Gastro­ ( Stomach 1.0 0.8 1.2
in t e s t in a l
( In te s t in e 5.6 4.8 3 .6
( L iver 2.3 1.1 1.5
C.H.S. Brain 5.2 6.2 7.5
Others Spleen 3.6 3.0 4 .2
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TABUS 2.
Recovery index o f  mepyramine from variou s t is s u e s  r e la t iv e  to  
the an tih istam in e in  the abdominal dkin taken as u n ity .
Animal 1 Animal 2 Animal 3
Ear 1.8 6.1 0.4
Submental 1.2 3.2 0.54
Paw 0.9 2.2 0.54
Stomach 0.38 0.61 0.41
Intestine 2.2 3.2 1.3
Liver 0.9 0 .6 0 .5
Brain 2.1 4 .1 2.7
Spleen 1.4 2.0 1.5
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le s s e r  amounts s t i l l ,  but the low est v a lu es  o f a l l  were found in  the  
stomach.
Four human su b jec ts  about to  have a p a r t ia l  removal o f the stomach 
fo r  duodenal u lce ra tio n  were given  100 mgrn. mepyramine m aleate in t r a -  
jm uscularly 30 minutes before op eration . Biopsy samples were removed 
from the margins of the sk in  wound, from the muscles o f the abdominal 
w a ll and from the ex c ised  stomach about 60- minutes a f t e r  commencement 
of the op eration . Examination o f th is  m ateria l were performed in  
d u p lic a te , 'fable 3 shows the r e la t iv e  amounts present in  both groups; 
the amount o f  an tih istam ine present in  the sk in  la y er  i s  h igh , muscle 
la y er  has much sm aller amounts and g a s tr ic  t is s u e  has a con cen tration  
which i s  s t i l l  lower.
TABLE 3 .
Average recovery o f an tih istam in e in  u g /g , in  four s u b je c ts ,  
l i s t i n g  various t i s s u e s .  (S k in , s k e le t a l  muscle and stom ach).
Recovery index  
u g/g  mepyramine (abdominal sk in  as u n ity )
Abdominal sk in  6 .3  1 .0
Rectus abdominis 3 .7  O.58
Body o f Stomach 1 .1  0 .1 7
I^ lo r ic  antrum 0 .8  0 .13
(b) R elease o f histam ine by mepyramine.
Five mg/ug were in je c te d  tw ice d a ily  in to  e ig h t  g u in ea -p ig s . -Two 
o f these were k i l l e d  24 hours la t e r .  24 hours la t e r  two more anim als 
were k i l l e d  and fu rth er in je c t io n s  o f the remainder were g iv en , th is
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th is  procedure being kept up t i l l  a t the beginning o f  the f i f t h  day the 
remaining two were k i l l e d .  Portions o f t is s u e  from each p a ir  o f  
animals were th erefore removed 24 hours a f t e r  the la s t  in je c t io n .  
E xtracts were made as has been described  fo r  the assay  o f a h istam ine  
in h ib ito r y  substance, having f i r s t  determined the amount o f histam ine  
present on a fresh  g u in ea -p ig 's  ileum  preparation . As a f in a l  check  
the ex tra c ts  con tain ing  the in h ib ito r , and histam ine w ith  the estim ated  
amount o f mepyramine added to  i t  were compared w ith  one another.
The r e s u lts  o f the in je c t io n  o f mepyramine over four days are 
tabu lated  below (fa b le  4 ) .
Histamine re lea se  occurred in  su b sta n tia l amounts a f t e r  four  
in je c t io n s  over two days ( i . e .  in  animals examined on day 3 );  pooled  
samples taken a t th is  time show that there had been a 41$ reduction  
of the histam ine in the abdominal sk in , a 64% reduction o f histam ine 
in  the ea r , 71$ f ° r the submental region and 44$ fo r  the paw. In the 
v isc e r a  the histam ine value for  lung t is su e  was reduced by 50$ but the 
l iv e r  and g a s tr o in te s t in a l histam ine showed no appreciable d if fe r e n c e .
The h igh est a f f in i t y  fo r  antih istam ine was shown in  the skin o f  the 
abdomen and ear and in the lung; the skin of the submental region and 
paw a lso  showed appreciable amounts o f an tih istam ine. The l iv e r  and 
in te s t in e  had amounts which were only one f i f t h  o f the amount 
p resen t/
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p resen t in  the abdominal s k in , and the stomach le a s t  an tih istam in e o f  
a l l ,  amounting only to  one te n th  o f  the amount present in  the abdominal 
sk in .
Pooled samples from the anim als in je c te d  fo r  four days showed no 
fu rth er  reduction  o f  t is s u e  h istam in e. Indeed the va lu es  fo r  h istam ine  
had increased  s l ig h t ly  by the fou rth  day? although the v a lu es  fo r  
mepyramine were the same in  the peripheral t i s s u e s ,  the recovery o f  
antih istam ine had become grea ter  in  the v is c e r a l  t is s u e  sam ples.
DISCUSSION.
A method has been dev ised  fo r  the assay  o f  an tih istam in e substances  
by measuring th e ir  depressant e f f e c t  on known histam ine con tra ctio n s o f  
the gu inea-p ig*s ileum  preparation . The method has been extended to  th e  
assay  o f  an tih istam in es in  t is s u e  ex tra c ts  a f te r  the in v e s t ig a t io n  o f  
the fa c to r s  which a f f e c t  the recovery o f an antih istam ine added to  
fresh  t i s s u e .  P ossib le  fa c to r s  reducing the amounts o f an tih istam ine  
present were p e r s is ta n t attachment o f the an tih istam in ic  to  the c o l lo id  
p r e c ip ita te ,  in a c tiv a tio n  a t the moment o f histamine re lea se  or by 
enzymes in  the fresh  t is s u e .  Adequate correction  for  the sources o f  
error were by ea r ly  add ition  of acid  to  the t is su e  and re -e x tr a c tio n
o f the p r e c ip ita te , a f t e r  a llow ing  the ex tra c ts  to  stand fo r  four hours 
a t an acid  pH before f i l t e r in g .
Another fa c to r  which had to  be obviated in  assay in g  these substances  
was the occasional v a r ia b i l i ty  or lo s s  o f s e n s i t iv i t y  of the h istam ine-  
stim u la ted /
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stim u la ted  gu in ea-p ig*s ileum  preparation  to  the depressant e f f e c t  o f  
a n tih ista m in e . A preparation  h ig h ly  s e n s i t iv e  to  h istam ine and a 
standard in h ib ito r y  dose o f  mepyramine which reduced the in h ib ito r y  
response by not more than 20# were used . The dose o f  the ex tr a c t  
alone was kept constant and the an tih istam in e dosage varied } mepyramine 
so lu tio n  and ex tra c t were a ltern a ted  in  the performance o f each t e s t .
The recovery o f an tih istam ine *in v iv e ’ from various t is s u e s  in  
the gu in ea-p ig , shows that the t is s u e  w ith  the g r e a te s t  a f f in i t y  fo r  
mepyramine i s  that o f  the cen tra l nervous system} th is  perhaps ex p la in s  
the profound depression o f cen tra l nervous fu n ction s which fo llo w s  
in to x ic a t io n  w ith  an tih istam in e. The t is s u e  w ith  the le a s t  a f f in i t y  
fo r  mepyramine appears to  be the stomach w all} the sm all in te s t in e  
has s l ig h t ly  grea ter  amounts o f antih istam ine p resen t. In human t is s u e  
samples there was le s s  antih istam ine in  the stomach w a ll than in  sk in  
or s k e le ta l  muscle b iopsy specimen removed a t operation in  the duodenal 
u lo er  p a t ie n ts .
I t  has already been suggested  by Arunlakshana that mepyramine may 
a c t as a histam ine lib e ra to r}  our experiments confirm th is  by fin d in g  
a marked reduction o f the histam ine o f cer ta in  t is s u e s .  The r e la t iv e ly  
poor p rotection  afforded to  the e f f e c t s  o f  48/80 by mepyramine in  
cer ta in  sp ec ie s  may be the r e s u lt  o f  the fa c t  that mepyramine was not 
so  much a ctin g  as an antih istam ine substance but ex ertin g  histam ine 
r e lea s in g  e f f e c t s  along w ith compound 48/ 80. Numerous workers have
now/
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now  s h o w n  t h a t  a n t i h i s t a m i n e s  a n t a g o n i s e  t h e  e f f e c t s  o f  h i s t a m i n e  
i n  m any  t i s s u e s  o f  t h e '  b o d y ;  one n o t a b l e  e x c e p t i o n ,  h o w e v e r ,  i s  t h a t  
g a s t r i c  s e c r e t i o n  i n  t h e  s t o m a c h  i n  r e s p o n s e  t o  h i s t a m i n e  i s  n o t  
a f f e c t e d .  H a l p e m  h a s  sh o w n  t h a t  g u i n e a - p i g s ,  i n j e c t e d  w i t h  h i s t -  
s a m in e  a n d  m e p y r a m in e  d e v e l o p  g a s t r i c  u l c e r s  a s  a  r e s u l t  o f  t h e  
m a r k e d  a c i d  s e c r e t i o n  a n d  t h a t  t h e s e  u l c e r s  may p e r f o r a t e .  P a t o n  
a n d  S c h a c h t e r  f o u n d  t h a t  n o t  o n l y  w a s  m e p y r a m in e  u n a b l e  t o  p r e v e n t  
t h e  a c i d  s e c r e t i o n  f o l l o w i n g  i n j e c t i o n  o f  c o m p o u n d  4 8 / 8 0  b u t  t h a t  
t h e  a c i d  s e c r e t i o n  a l s o  i n c r e a s e d  i n  a m o u n t  a f t e r  b o t h  i n j e c t i o n s .  
H i s t a m i n e  r e l e a s e  i n  t h e  t i s s u e s  w i t h  h i s t a m i n e m i a  a s  a  r e s u l t  o f  
c o m p o u n d  48/ 8O a n d  m e p y r a m in e  b o t h  a c t i n g  a s  h i s t a m i n e  l i b e r a t o r s  
w o u l d  e x p l a i n  t h i s  f i n d i n g .  L i t t l e  e v i d e n c e  o f  t h i s  h i s t a m i n e  
r e l e a s e  w o u l d  b e  e x p e c t e d  i f  m e p y r a m in e  s t i l l  m a n a g e s  t o  e x e r t  i t s  
a n t i h i s t a m i n e  e f f e c t s  w h e r e v e r  i t  b e c o m e s  l o c a l i s e d ;  t h e  f i n d i n g  
t h a t  m e p y r a m in e  h a s  a  p o o r  a f f i n i t y  f o r  t h e  s t o m a c h  w a l l  m i g h t  
e x p l a i n  t h e  f a i l u r e  o f  t h e  a n t i h i s t a m i n e  t o  e x e r t  a n  i n h i b i t o r y  
e f f e c t  a t  t h i s  s i t e .  I t  i s  t h e r e f o r e  o f  g r e a t  i n t e r e s t  t h a t  K ay  
a n d  F o r r e s t  w e r e  a b l e  t o  a n n u l  t h e  a c i d  s e c r e t o r y  e f f e c t s  o f  h i s t -  
: a m i n e  b y  a  t e c h n i q u e  w h i c h  o u g h t  t o  h a v e  r a i s e d  t h e  l o c a l  a n t i h i s t —
: a m in e  c o n c e n t r a t i o n  g r e a t l y  i n  t h e  s t o m a c h ,  b y  t h e  t o p i c a l  a p p l i c ­
a t i o n  o f  t h e  a n t i h i s t a m i n e  to  t h e  s e c r e t o r y  p a r t  o f  t h e  g a s t r i c  m u c o s a .
SUMMARY.
l )  A m e th o d  o f  a s s a y i n g  a n  a n t i h i s t a m i n e  s u b s t a n c e  s u c h  a s  
m e p y r a m in e  h a s  b e e n /
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been d ev ised ; i t  has been adapted to  the assay  o f  h istam ine and 
an tih istam in e in  m ixtures.
2) The amount o f an tih istam in e in  gu in ea-p ig  t is s u e  has been 
measured; i t  was h igh est in  the brain and low est in  the alim entary  
t r a e t .  The an tih istam ine appears to  re lea se  histam ine m ostly from 
sk in  and lung, but l i t t l e  change occurs in  the g a s tr o in te s t in a l  
t i s s u e s .
3) T issue from human su b jects  in je c te d  w ith  mepyramine shows 
higher le v e ls  o f an tih istam ine in  sk in  and s k e le ta l  muscle than in  
g a s tr ic  t i s s u e .
-su m m -  4g.:?r& :^
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CHAPTER SIX.
THE DISTRIBUTION M3) RELEASE OF HISTAMINE 
Iff HUMAN GASTRIC TISSUE.
The wall of the alimentary tract of many species has a very high 
content of histamine (Feldberg, 1956)• In the dog, Douglas, Feldberg, 
Paton and Sch&ohter (1951) found that the histamine was almost a l l  in  
the mucosa. The concentration was greatest in the body of the stomach, 
le ss  than half as large in the pyloric antrum and very high in the 
duodenum; the concentration then f e l l  progressively down the alimentary 
canal. Feldberg and Harris (1953) attempted to define the precise 
ce llu la r  components in which the histamine was distributed in the dog 
and showed that the highest values for histamine in the mucosa of the 
stomach correlated w ell with the distribution of the parietal c e l ls  in 
the gastric mucosa. They could not exclude, however, the p o ss ib ility  
that some of the histamine was distributed in other tissu es , such as 
the mucous c e lls  present in the glands of th is region.
The participation of histamine in normal acid gastric secretion  
in the stomach has yet to be proved. Neveiftieless, histamine is
outstanding in i t s  importance as the most powerful substance known to 
excite gastric secretion (Emmelin & Kahlson, 1944$ Obrink, 1948;
T eorell, 1933? Teorell, 1937) and i f  th is substance were found in high 
concentration close to the parietal c e l l s ,  themselves the sources of the 
hydrochloric acid of the gastric ju ice , this association would support
the/
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CHAPTER SIX.
THE DISTRIBUTION AND RELEASE OF HISTAMINE 
IN HUMAN GASTRIC TISSUE.
The w a ll o f  the alim entary tr a c t  o f many s p e c ie s  has a very  h igh  
con ten t o f histam ine (F eldberg, 1956). In the dog, D ouglas, F eldberg, 
Paton and Schachter (1951) found th at the histam ine was alm ost a l l  in  
the mucosa. The concentration  was g r e a te s t  in  the body o f the stom ach, 
l e s s  than h a lf  as large in  the p y lor ic  antrum and very  h igh in  the  
duodenum; the concentration  then f e l l  p ro g ress iv e ly  down the alim entary  
c a n a l. Feldberg and Harris (1953) attempted to  d efin e  the p rec ise  
c e l lu la r  components in  which the histam ine was d is tr ib u ted  in  the dog 
and showed that the h igh est va lu es fo r  histam ine in  the mucosa o f  the 
stomach co rre la ted  w e ll  w ith  the d is tr ib u tio n  o f the p a r ie ta l c e l l s  in  
the g a s tr ic  mucosa. They could not exclude, however, the p o s s ib i l i t y  
that some o f the histam ine was d is tr ib u te d  in  other t i s s u e s ,  such as  
the mucous c e l l s  present in  the glands of th is  reg ion .
The p a rtic ip a tio n  of histam ine in  normal acid  g a s tr ic  secre tio n  
in  the stomach has y e t to  be proved. ffevei& eless, histam ine i s
outstanding in  i t s  importance as the most powerful substance known to  
e x c ite  g a s tr ic  s e c r e tio n  (Emmelin & Kahlson, 1944? Obrink, 1948?
T e o r e ll ,  1933? T e o r e ll, 1937) and i f  th is  substance were found in  high  
concentration  c lo se  to  the p a r ie ta l c e l l s ,  them selves the sources o f the 
hydrochloric a c id  o f the g a str ic  j u ic e ,  th is  a sso c ia tio n  would support
th e /
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■the view  th a t the s e c r e tio n  o f  a c id  hy the g a s tr ic  mucosa may 
norm ally be brought about through the agency o f  h istam in e. Trach, 
Code and Wangensteen, (1944) found su b sta n tia l q u a n tit ie s  o f  h i s t -  
samine in  ex c ised  human g a s tr ic  mucosa; in  th e ir  opinion the amounts 
presen t were capable o f lo c a l and humoral stim u la tion  o f ac id  g a s tr ic  
s e c r e t io n , but they found no c o n s is te n t  d ifferen ce  in  histam ine 
con cen tration  between the body o f the stomach, the p a r ie ta l c e l l -  
bearing  a rea , and the p y lor ic  antrum.
This chapter records experiments to  determine whether the body 
o f the human stomach has more histam ine than the p y lo r ic  antrum, to  
a sc e r ta in  which la y er  o f the stomach w a ll has the h igh est histam ine  
con cen tration , and to  a sse ss  how much histam ine may be re lea sed  from 
each la y e r .
METHODS.
S ix teen  specimens o f human g a s tr ic  t i s s u e ,  obtained fre sh  from 
the operating theatre fo llo w in g  su b to ta l gastrectom y, were stu d ied . 
E ight specimens were from p a tien ts  su ffe r in g  from duodenal u lce ra tio n  
(Group A) and e ig h t from p a tien ts  su ffe r in g  from g a str ic  carcinoma 
(Group B ).
(a ) Prior to  operation the basa l (non-stim ulated) acid  g a s tr ic  
se c r e tio n  and the maximum acid  secre tio n  in  response to  histam ine  
(Kay, 1953) had been stu d ied . For th is  la t t e r  t e s t  100 mgm. o f the 
an tih ista m in e , mepyramine m aleate, was in jec ted  intram uscularly one
hour/
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hour b efore the subcutaneous in je c t io n  o f  h istam ine a c id  phosphate 
(0 .4  mgms. per 10 k i lo  body w e ig h t) . G astric  s e c r e t io n  was c o l le c t e d  
con tin u ou sly  by a sp ir a tio n  fo r  30 m ins. commencing c o l le c t io n  one 
quarter o f  an hour a f t e r  the in je c t io n  o f  the h istam in e . The volumes 
o f  se c r e t io n  was noted and the a c id i ty  determined by t i t r a t io n  w ith  
"S/lO u sin g  T opfer’s  rea g en t.
(b ) The ex c ise d  stomach was la id  open a long i t s  g rea te r  curvature  
and washed. F u ll th ick n ess p iec es  o f  the stomach w a ll were removed, 
w eighed, and macerated by grind ing w ith  sand in  a mortar in  N HC1.
The p ie c e s  were taken from two p arts o f  the stomach w a l l ,  namely near  
the proximal end o f the specimen (body o f  the stomach) and near the 
d is t a l  end (p y lo r ic  antrum). In the cancer cases  the part s e le c te d  
was confirmed to  be fr e e  from m alignant d is e a se . The ex tr a c t was 
then prepared and assayed fo r  histam ine as described  by Douglas e t
a l .  (1 9 5 1 ).
(c )  In another s e r ie s  o f experiments the various la y ers  o f the  
g a s tr ic  w a ll were separated . With the t is s u e  spread out on a cork  
board, the mucosa was f i r s t  d is se c te d  o f f  the outer layers and then
the submucosa w ith  m uscularis mucosae adherent to  i t  (Feldberg & H arris , 
( I 953) ,  was separated from the tunica m uscularis. (F ig . l ) .  Small 
portions o f t is s u e  from each o f these three lay ers  were c u t , weighed  
on a to rs io n  balance, and th e ir  histam ine content estim ated , again  
u sin g  the method o f Douglas e t  a l .  (195^)*
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LAYERS OF STOMACH WALL
BODY PYLORIC ANTRUM
muscularis 
' mucosae
submucosa
. tunica 
muscularis
P ig , 1, This diagram o u tlin e s  the various layers o f body o f  the  
stomach and o f the p y lo r ic  antrum. The glandular  
stru ctu res  l i e  in  the mucosa, which has a t i t s  ju n ctio n a l 
area with th e  subraucosa the muscularis mucosae. Outwith 
these stru ctu res  l i e s  the tunica m uscularis.
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(d ) To study the d is tr ib u t io n  o f  the h istam ine o f  the stomach 
w a ll in  r e la t io n  to  i t s  c e l lu la r  c o n s t itu e n ts ,  sm all f la t t e n e d  p ie c e s  
o f  stomach w a ll were frozen  on the s ta g e  o f a fr e e z in g  microtome w ith  
the mucosal a sp ect uppermost. (Fig* 2 ) .  The t is s u e  was then cu t in  
h o r iz o n ta l p lanes (i* e*  p a r a lle l  to  the mucosal s u r fa c e ) .  Each 
s e c t io n  was cu t 10^4, th ic k , proceeding through the mucosa in  su c c e s s iv e  
la y ers  down through the submucosa as fa r  as was d e s ir e d . A ltern ate  
s e c t io n s  were w eighed, ex tra c ted  and assayed  fo r  h istam in e, or were 
examined h is t o lo g ic a l ly .  The s e c t io n s  fo r  h is t o lo g ic a l  exam ination  
were f ix e d  in  10# formol and, a f t e r  dehydration , were s ta in ed  w ith  
iron  haematoxylin and Van G ieson 's s t a in .  By comparing h is t o lo g ic a l  
fea tu res  and histam ine estim ation s i t  was p o ss ib le  to  con stru ct curves  
or "histamine p r o file s"  in  which the ord in ates represent the h istam ine  
concentration  and the a b sc issa e  the p o s it io n  o f  the s e c t io n s  in  the  
depth o f the stomach w a ll .
(e )  In studying the histam ine content o f g a s tr ic  t is s u e  as in
(b ) ,  (c )  and (d ) ,  a l l  the histam ine present in  every c e l l  o f the t is s u e  
i s  presumably freed  by d estru ction  o f the c e l l s .  This i s  a necessary  
part o f  the procedure o f ex tra c tin g  histam ine from the t is s u e  in  order  
to  estim ate the amount o f  i t  present in  the t i s s u e .  Histamine may, 
however, be re leased  from the t is s u e s  without observable damage, thragh  
the agency o f chem ical r e le a s in g  substances, one o f  which, compound 48/ 8O, 
i s  a potent histam ine lib e r a to r  (Paton, 1951)* us® such a su b-
* stance may help to  in d ica te  how much histam ine i s  re lea sed  in  the normal 
fu n ction in g  o f a t is s u e .
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F i g .  2 i l l u s t r a t e s  t h e  u s e  o f  t h e  f r e e z i n g  m i c r o t o m e  t e c h n i q u e  
t o  c u t  f i n e  s e c t i o n  o f  g a s t r i c  t i s s u e .  The  t i s s u e ,  
f l a t t e n e d  a n d  f r o z e n  w i t h  i t s  m u c o s a l  a s p e c t  u p p e r m o s t ,  
i s  c u t  h o r i z o n t a l l y  i n  t h i n  s e c t i o n s  10  u  t h i c k .
-  1 6 7  -
The r e le a s e  o f  h istam ine from the separated  m ucosal, sub­
sume o sa l and tu n ica  m uscularis la y e rs  has been q u a n t ita t iv e ly  examined 
by adopting the methods o f  Mongar and S c h ild  ( 1952) ,  Sm all th in  s t r ip s  
o f mucosa, submucosa and tu n ica  m uscularis were washed fo r  about 
20 minutes in  100 ml. Tyrode so lu tio n  a t 37°C and incubated  w ith  a 
histam ine l ib e r a to r  (compound 48/80  200 mu/ml.) in  2 m is. Tyrode 
so lu t io n  a t  37°C fo r  10 m inutes, the so lu t io n  being w e ll  s t ir r e d  by 
bubbling oxygen through i t .  To a llow  fo r  spontaneous r e le a se  o f  
h istam in e, d u p lica te  s t r ip s  were incubated in  Tyrode so lu tio n  aftane; 
the histam ine s low ly  accumulated in  the Tyrode was a s se sse d  as a 
spontaneous r e le a s e , amounting to  6. 3$ -  1 . 2* o f  the t o t a l  histam ine  
content o f the s t r ip  in  Group A, and to  6 .2$  -  1 .6*  in  Group B.
This has been allow ed fo r  when c a lc u la t in g  the true r e le a se  a f t e r  
a p p lica tio n  o f Compound 48/80  (see  (e )  R e su lts ) .  To exclude the  
p o s s ib i l i t y  o f errors in  the assay r e su lt in g  from the presence o f  the  
"slow con tracting  substance" which i s  lib era ted  by chem ical r e le a s in g  
agents (Paton, 1951) ,  d uplicate t e s t s  were performed in  which mepyramine 
was added in  s u f f ic ie n t  quantity to  antagonise the c o n tr a c t i le  e f f e c t  
which had been estim ated  in  the assay and had been presumed to  be 
histam ine a b o lit io n  of the c o n tr a c t i le  response by the histam ine antagon­
i s t ,  mepyramine, confirmed that histam ine alone was p resen t.
RESULTS.
(a) In the e igh t u lcer  ca ses  (Group A) the basal secre tio n  o f acid
w as/
* Standard erro r  o f the mean.
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was high (mean «* 230 mg. HC1 -  2 1 ). The maximum histam ine stim ulated  
s e c r e tio n  was 694 HC1 — 21*. In the e ig h t cancer ca ses  (Group B) 
the b a sa l secre tio n  o f a c id  was lower (mean » 48 mg. HC1 i  9*) and 
the maximum histam ine stim u lated  secre tio n  was a ls o  lower (224 mg.
HC1 ± 41 * ) .
(b) Table I shows the histam ine content of f u l l  th ick n ess p ieces  
o f  the stomach w a ll removed from the body of the stomach and the p y lo r ic  
antrum in  e ig h t cases o f duodenal u lce r  (Group A) and e ig h t cases o f  
cancer (Group B ). I t  w i l l  be seen that in  every in stance the p iece  
removed from the body of the stomach contained more histam ine than the 
corresponding p iece  from the p y lo r ic  antrum, but there was no more 
histam ine present in  the u lce r  cases than the cancer c a se s .
(c )  The histam ine content of the separate layers o f the stomach 
w a ll was estim ated  in  four u lc e r  cases  and four cancer c a s e s .  In every  
in sta n ce  the histam ine content o f the mucosa was higher than that of 
the submucosa, which was h igher than that of the tunica m uscularis 
(Table 2 ) .  This gradient o f histam ine was ju s t  as ev ident in  the 
la y ers  removed from the p y lo r ic  antrum as in  those from the body of 
the stomach. There was no s ig n if ic a n t  d ifferen ce  between the u lcer  
ca ses  and the cancer c a se s .
(d) F igures 1 and 2 show ty p ic a l "histamine p ro file s"  constructed  
a f t e r  comparing h is to lo g ic a l  appearances and histam ine concentration  in  
s l i c e s  a t  d if fe r e n t  depths o f the stomach w a ll .  They are comparable to  
the appearance o f  the histam ine p r o f ile s  obtained fo r  the dog by Feldberg  
and Harris (1953)* The/
* Standard error of the mean.
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The body o f  the stomach (Pig* 3) had a p r o f ile  w ith  two peaks, one 
approxim ately in  the region o f the p a r ie ta l c e l l s  and the other in  
the region  o f  the m uscularis mucosae o f the submucosa. In the 
p y lo r ic  antrum (Fig* 4) the p r o f ile  had only one peak and th is  was 
in  the region  o f the depths o f the p y lo r ic  g lands.
The to ta l  amount o f  histam ine loca ted  in  the peak areas was 
c a lc u la te d  from the histam ine concentration  in  se c t io n s  cut in  the 
region  o f  each peak, u sin g  data from histam ine p r o f i le s  o f the f i r s t  
four specimens in  Groups A and B. The t o t a l  histam ine in  ug o f the 
s e c t io n s  was obtained by d iv id in g  i t s  histam ine concentrations ug /g  
by i t s  w eigh t. The t o ta l  histam ine o f each peak zone was the summation 
o f  the va lu es fo r  a l l  the s e c t io n s  cut in  the region  of the peak, 
counting the a lte r n a te  se c t io n s  used fo r  h is to lo g ic a l  purposes as 
having the same histam ine value as the preceding one used fo r  assay .
The peak reg io n s , two fo r  the body and one fo r  the p y lo r ic  antrum, 
have been la b e lle d  1 , 2 and 3 r e s p e c t iv e ly  in  Table 3 , which l i s t s  
the t o t a l  histam ine present in  each peak. There was no s ig n if ic a n t  
d iffere n c e  in  the histam ine content o f the peaks from the stomaohs 
w ith  a h igh  a c id  secre tio n  obtained from duodenal u lc e r  cases (Group a ) 
over the peaks from stomachs w ith  a low a c id  secre tio n  from cancer 
ca ses  (Group B ).
( e )  The histam ine re lea sed  by a histam ine lib e r a to r  from th in  
s t r ip s  o f  mucosa, submucosa and tu n ica  m uscularis was estim ated by 
examining the histam ine accum ulating in  the surrounding medium when 
g a s t r ic /
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HISTAMINE
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Fig* 3* Histamine p r o f ile  fo r  the corpus or body o f the 
stomach (3A, Table l ) .  The v e r t ic a l  a x is  g iv es  
the concentration  in  ug/G histam ine: the h o r izo n ta l 
a x is  the depth in  u a t  which the histam ine con cen trations  
or various h is to lo g ic a l  stru ctu res were found. (The 
t is s u e  has been section ed  through the mucosal la y er  
as fa r  as the muscularis mucosae and subinucosa) *
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HISTAMINE
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F ig , 4 . Histamine p r o f ile  fo r  the p y lo r ic  antrum o f the 
stomach (3A Table l ) .  The t is su e  has again been 
sec tio n ed  as fa r  as the submucosa.
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g a s tr ic  t i s s u e ,  h istam ine l ib e r a to r  and Tyrode so lu t io n  were inoubated  
to g e th e r , a f te r  d isco u n tin g  the spontaneous r e le a se  from the t is s u e  
(se e  M ethods).
Table IV records the percentage o f the t o t a l  histam ine r e le a se d  
by Compound 48 /80  in  the variou s la y e rs  o f the stomach w a ll .  Much 
more h istam ine was re lea sed  from the mucosa and submucosa than from  
the tu n ica  m u scu laris. More was re lea sed  in  eaoh case  from the su b -  
:mucosa than from the muoosa. The v a lu es  fo r  the body o f  the stomach 
were h igher than those fo r  the p y lo r ic  antrum. The histam ine lib e r a te d  
from the mucosa o f the body and p y lo r ic  antrum in  Group A was not 
s ig n if ic a n t ly  d if fe r e n t  from the r e le a se  a t  the same s i t e s  in  Group B. 
The lib e r a tio n  o f  histam ine in  the submucosal la y e r , however, was 
s ig n if ic a n t ly  h igher in  Group A than in  Group Bj th is  m s the case  
fo r  both the body o f the stomach and the p y lo r ic  antrum.
DISCUSSICW.
Histamine has been s tudied  in  the mucosa o f the stomach o f  many 
sp e c ie s  (Douglas e t  a l . ,  1951; Emmelin & Kahlson, 1944; Feldberg, 195^; 
Feldberg & H arris, 1953; Gavin e t  a l . ,  1933; Traoh, Code & Wangensteen, 
1944) .  For the dog, i t  i s  agreed that there i s  u su a lly  more histam ine  
in  the region o f the body o f the stomach than in  the p y lo r ic  zone, 
and that the mucosal la y er  con ta in s the h igh est con cen tration . Trach, 
Code and Wangensteen ( 1944) ,  examining t is s u e  from the human stomach 
found histam ine va lu es ranging from 3 .5  to  24 .1  u g/g  fo r  mucosa o f the 
body/
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body o f  the stomach and from 3*0 to  12*5 u g /g  fo r  the mucosa o f  
the p y lo r ic  antrum. They compared t is s u e  from the body o f  the  
stomach and a n tr a l region  but d id  not f in d  th a t the h istam ine in  
the mucosa o f  the body o f  the stomach reg u la r ly  exceeded th a t o f  
the p y lo r ic  reg io n . In the present experim ents an in creased  amount 
o f  histam ine was found in  the region  o f the body o f  the stomach 
in  the great m ajority  o f  experim ents. This i s  the region in  
which the p a r ie ta l  c e l l s  are a c t iv e  in  the form ation o f hydrochloric  
a c id . S ince h istam ine i s  the most a c t iv e  substance e l i c i t i n g  a c id  
g a s tr ic  s e c r e t io n , a d d itio n a l histam ine at th is  s i t e  su ggests  th at  
i t  may serve a purpose in  evoking se c r e tio n  from the g a s tr ic  glands 
i f  lo c a l ly  r e lea sed .
C onstruction o f histam ine p r o f i le s  fo r  the region o f  the body 
o f  the stomach showed that there was a high concentration  o f  h i s t -  
:amine in  roughly the same region  as the p a r ie ta l c e l l s .  This 
su g g e s ts , but does not prove, that the histam ine i s  in  these c e l l s  
to  help  promote th e ir  normal fu n ctio n , which i s  the form ation o f  
hydrochloric a c id . A second region o f high histam ine concentration  
was found opposite the smooth muscle o f the m uscularis mucosae layer. 
In the p y lor ic  antrum, histam ine was found to  be present in  greater  
amounts in  the region o f the depths of the p y loric  g lands, where 
th ese  glands penetrate to the le v e l  o f  the m uscularis mucosae.
T issue from duodenal u lc e r  p a tien ts  was examined to determine 
w hether/
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whether a h igher lo c a l  con cen tration  o f histam ine might ex p la in  the  
p e r s is te n t ly  h igh  ra te  o f  ac id  se c r e t io n  a sso c ia te d  with t h i s  oon-  
s d it io n . Ho s ig n if ic a n t  d iffe r e n c e  in  histam ine concentration  cou ld  
he found between the t is s u e  from stomachs w ith  a high a c id  se c r e tio n  
and the t is s u e  obtained from stomachs w ith  a low a cid  s e c r e t io n .
The re lea se  o f histam ine took p lace to  a greater  ex ten t in  the  
mucosa and submucosa o f the body o f  the stomach than in  the co r r e s­
p on d in g  lay ers  o f the p y lo r ic  antrum. Much o f the histam ine in  the 
body r e s id es  in  the mast c e l l s  (R ile y , 1954)* and the histam ine o f  
th ese  c e l l s  i s  the most rea d ily  released  by histam ine r e le a s in g  
agents (Faw cett, 1954? R iley  & West, 1955)• R iley  and West (1955) 
have shown th at there are large numbers of mast c e l l s  in  the mucosa, 
m useularis mucosae and submuoosa o f  the g a s tr ic  t is su e  of the p ig .
The fa c t  that a histam ine r e le a s in g  agent caused a copious re le a se  
o f histam ine from the mucosa and submucosa o f the body o f  the human 
stomach su ggests th a t there may be mast c e l l s  a t th is  s i t e .
I t  i s  not c le a r  why the submucosa should re lea se  so much more 
o f i t s  histam ine than the mucosa, which has a r ich er  histam ine co n ten t. 
Feldberg and H arris (1953) found that when the mucosa and submucosa 
were separated by d is se c t io n  th a t the muscularis remained attached  to  
the submucosa; the conclusion  may be drawn that re lea se  o f  submucosal 
histam ine may be tak ing place in  the smooth muscle c e l l s  o f the 
m uscularis mucosae. This seems u n lik e ly  s in ce  Walder (1953) found th a t  
th e /
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the m uscularis mucosae o f the human stomaoh was com paratively  
in s e n s it iv e  to  h istam ine.
I t  may he th a t the greater  quantity  o f histam ine re leased  in  
the submucosa i s  r e la te d  to  the p le n t ifu l  supply o f blood v e s s e ls  
in  the v a scu la r  p lexus o f th is  region and a lso  to  the mast c e l l s  in  
the v e s s e l  w a l ls .  The r e le a se  o f histam ine occurred in  greater  
amount in  the submucosal layer  o f the duodenal u lcer  stomachs, 
which are always held  to  be exceed ingly  vascu lar in  comparison 
w ith  normal stomachs. I t  seems q u ite  u n lik e ly  th at the re lea se  
o f histam ine i s  re la ted  to  the ad d itio n a l d isse o tio n  a t  operation  
on u lc e r  c a se s , s in ce  the spontaneous re lea se  from damaged c e l l s  
was not higher in  the u lc e r  cases than in  the cancer c a s e s . The 
enhanced r e le a se  o f histam ine i s  more a ttr ib u ta b le  to  some change 
in  the submucosa i t s e l f
SUMMARY.
(1 ) Histamine was present to  a greater  exten t in  t is s u e  form 
from the body o f the stomach than from the p y lor ic  antrum.
(2) Histamine was present in  higher concentration  in  the mucosa 
than in  the subrauoosa or tu n ica  m uscularis t on construction  o f  
histam ine p r o f ile s  i t  seemed l ik e ly  that much o f  the histam ine o f the 
body o f the stomach was in  the same region as the p a r ie ta l c e l l s .
(3 ) The amount o f histam ine present in  the stomachs w ith  high
a c id /
a c id  s e c r e tio n  from duodenal u lc e r  ca ses  was not g rea ter  than in  
stomachs w ith  a low a c id  se c r e tio n  obtained from cancer o a se s .
{4 ) the r e le a se  o f h istam in e, fo llo w in g  a p p lica tio n  o f  a 
histam ine lib e r a to r  to  the t i s s u e s ,  was g rea ter  in  the mucosal and 
submucosal la y e rs  o f  the body o f  the stomach than in  the oorrespond- 
i in g la y e rs  in  the p y lo r ic  antrum; the r e le a se  o f  histam ine was 
h ig h e s t  in  the submucosae, and was a ls o  grea ter  in  duodenal u lc e r  
c a se s  than in  cancer ones.
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CarCLUDIUG DISCUSS I d  ,
There i s  sca rce ly  any organ in  the body which does not contain  
some h istam ine. Yet f i f t y  years a f te r  i t s  is o la t io n  there i s  much 
d isp u ta tio n  as to  whether th is  substance has or has not a p h y sio l— 
lo g ic a l  r o le .  The experiments described in  the various chapters of 
Part 2 o f th is  th e s is  g ive an account o f how the g a s tr o in te s t in a l  
ro le  of th is  substance has been in v estig a ted  w ith  the aid  o f histam ine 
l ib e r a to r s .
In the years 1951 to  1955 niany papers d ea ling  w ith  histam ine 
lib e r a to r s  and th e ir  e f f e c t s  were w ritten  d escrib ing  the a p p lica tion  
o f such substances to  problems such as the histam ine re lea se  in  
anaphylaxis, the methods fo r  d ep le tin g  t is s u e s  o f histam ine were 
evo lved , and a range of chem ical histam ine lib e r a to r s  was evaluated .
I t  was appropriate th at these concepts and experiments should come 
from the N ational I n s t i tu te  fo r  Medical Research where S ir  Henry 
Dale had elaborated  so much of our knowledge of h istam ine. In 1951 
the author was p r iv ile g e d  to  jo in  a team working on the problem o f  
histam ine re le a se  and took up the study of histam ine r e lea s in g  
substances and th e ir  e f f e c t s  on acid  g a s tr ic  secre tio n  and m o t il ity .
What con clu sion s may be drawn from the m aterial which has been 
gathered from experim ents on animals and human t is s u e  over the years  
s in ce  th en , and i s  s e t  out in  the foregoing chapters? In the f i r s t  
p lace the actio n  o f  histam ine lib e r a to r s  on g a s tr o in te s t in a l histam ine 
in d ic a te s /
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in d ic a te s  th at there i s  more than one p h y sio lo g ic a l type o f  
h istam in e. There would appear to  be one typ e , a le s s e r  f r a c t io n ,  
o f histam ine in  the g a s tr o in te s t in a l w a ll re leased  by compound 48/ 8 0 } 
in  c o n tr a s t , a large fra c tio n  remains r e s is ta n t  to the actio n  o f  a 
substance such as t h i s .  This d ifferen ce  is  suggested both in d ir e c t ly ,  
tak in g  the a c id  secre to ry  response fo llow in g  on c lo se  in tr a a r te r ia l  
in je c t io n  o f histam ine lib e r a to r  in to  various t is su e s -  as an in d ica tio n  
o f histam ine r e le a se , and a lso  by d ire c t examination of any changes in  
t is s u e  h istam ine. The histam ine of the g a s tr o in te s t in a l tr a c t  i s  
r e la t iv e ly  r e s is ta n t  to  the a ction  o f histamine lib e r a to r s . The 
histam ine which i s  most rea d ily  released  i s  s itu a ted  in  the body of 
the stomach. At th is  s i t e  i t  has been shown that there are more mast 
c e l l s  than a t o'cher s i t e s  in  the g a s tr o in te s t in a l tr a c t . The hypothesis  
i s  advanced that la b i le  histam ine in  such mast c e l l s  may be part o f a 
mechanism fo r  in i t ia t in g  g a s tr ic  s e c r e tio n , "priming, as i t  w ere, the 
pump".
What i s  the nature of the histam ine which i s  r e s is ta n t  to  the 
a ctio n  o f chemical re leasers?  The work of Schayer has e s ta b lish ed  
on a firm  b a sis  by means o f ra d io -a ctiv e  iso to p ic  techniques, that 
much of the g a s tr o in te s t in a l histam ine i s  derived lo c a lly  from 
h is t id in e  through the a c t iv i ty  of h is t id in e  decarboxylase. (Schayer, 
1954, 1955, 1956, 195?). His work strengthens the view that histam ine 
in  many organs i s  e s s e n t ia lly  elaborated and destroyed lo c a l ly .  One 
might envisage a balanced turn over of such histamine in  in te s t in a l
t i s s u e /
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t is s u e  which i s  r ich  in  h istam inase. Yet the very fa c t  that g a s tr ic  
t is s u e  i t s e l f  lacks the d estroy in g  enzyme su ggests that any excess  
of histam ine formed lo c a l ly ,  or c ir c u la t in g  there a f te r  general 
r e le a se  from the t i s s u e s ,  may have to be d ea lt w ith  by absorption  
of histam ine or b inding o f i t  to  the t is s u e s .  In experiments in  
which histam ine entered the c ir c u la t io n  in  f a ir ly  large amounts, 
the one region where th is  trend could be observed was in  the 
p y lo r ic  antrum, where in  the absence o f a t is su e  h istam inase, the 
histam ine va lu es rose . 'The fa c t  that the histamine va lu es fo r  the 
body o f  th e  stomach did not r is e  s ig n if ic a n t ly  in d ica te s  that during  
the a c id  secre tio n  provoked by histam ine some histam ine i s  allowed  
to  escape v ia  the p orta l o f the p a r ie ta l c e l l s .  There i s  therefore  
a case fo r  regarding some histam ine as histamine absorbed in to  the 
g a s tr o in te s t in a l tr a c t perhaps as a temporary measure before d estru c­
t i o n  or ex cr e tio n .
I t  would support our view that histam ine release  may be an 
a c tiv a tin g  mechanism of acid  g a s tr ic  secre tio n  were histamine 
lib e r a to r s  found a lso  to in i t i a t e  motor movements in g a s tr o in te s t in a l  
t is s u e ,  a sso c ia ted  w ith lo c a l demonstrable changes in  i t s  h istam ine.
Various chemical histam ine re lea sers  were te s ted  for  th is  and were 
shown to be capable to producing c o n tr a c t i le , ton ic and rhythmic 
e f f e c t s .  The case i s  argued for the i n i t i a l  co n tr a c tile  e f f e c t  being  
re la ted  to  the release of the e x tr in s ic  histamine of Dale (1948), w hile
th e /
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the secondary rhythmic e f f e c t s  may be due to  re lea se  o f  in t r in s ic  
h istam in e, and the subsequent in crease  in  tone in  p la in  muscle 
appears to  be the r e s u lt  o f  the outward d iffu s io n  o f histam ine fo llo w in g  
the r e le a se  o f h istam ine; th is  was proved by the removal o f the Tyrode 
so lu tio n  from one preparation and te s t in g  i t  on another in t e s t in a l  s t r ip .
Histamine lib e r a to r s  may cause g a s tr ic  u lce ra tio n ; th is  was seen  
in  the experiments in  which compound 48/80 was in je c te d  r e p e t i t iv e ly  
in  the c a t .  S ince many sera and tox in s have been shown to  cause 
g a s tr ic  u lc e r a tio n , i t  seemed p o ssib le  that an action  in vo lv in g  
histam ine re lea se  -  e ith e r  in  the manner o f the chemical histam ine  
r e le a se r s  or a f te r  c e l lu la r  damage -  might exp la in  the mechanisms 
underlying the action  o f a substance such as gastro to x in , which has 
in  the past assumed an important ro le  in  the physiopathology o f  
g a s tr ic  u lc e r a tio n . The importance o f histamine re lea se  by gastro  
toxin  was demonstrated by the fa c t  that th is  substance lo s t  i t s  
gastro  cy to to x ic  e f f e c t s  a f te r  d ep letion  o f t is su e  histam ine by 
chem ical re lea s in g  substances -  (providing the chemical r e lea s in g  
substances were applied  to the organism d e lib e r a te ly  in  sm all q u a n tit ie s ,  
o ften , so as not to  induce g a s tr ic  u lc e r a tio n .)  The converse was a lso  
shown that compound 48/80 and gastro tox in  would a l l  the more re a d ily  
produce g a str ic  u lcera tio n  in  animals a lso  given in je c t io n s  of 
aminoguanidine which annuls the a c t iv i t y  of histam inase and in t e n s i f ie s  
a l l  the histamine re lea se  e f f e c t s .
I n /
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In chapter 5 "the paradox that an tih istam in es are a lso  histam ine  
r e le a s in g  substances was fu rth er  exp lored . The fa ilu r e  o f a n t ih i s t -  
samine substances to  antagonise g a s tr ic  secre tio n  has become an 
in t e l le c t u a l  as w e ll as a p r a c tic a l problem to the g a s tr o in te s t in a l  
in v e s t ig a to r . I f  one could unravel the iqystery o f why a n tih ista m in ics  
omit the p a r ie ta l c e l l  from the many s i t e s  a t which they annul the 
e f f e c t s  o f h istam ine, an advance might be made in  our knowledge o f  
the e s s e n t ia l  re la tio n sh ip  between histam ine and the workings o f  
the p a r ie ta l c e l l .  7e have confirmed that an tih istam ines may lower 
t is s u e  histam ine (c e r ta in  s i t e s  such as lung may be markedly 
a ffe c te d )  but i t  seems from a study of the d is tr ib u tio n  o f histam ine 
an ta g o n ists  in  various t i s s u e s ,  that one reason fo r  the lack o f  
antih istam ine e f f ic a c y  in  the stomach i s  the much lower d is tr ib u tio n  
of these substances in  g a s tr ic  t is s u e .
L a stly , a study has been made o f human m aterial to  determine 
the la y er  of g rea te st histam ine concentration and whether histam ine 
was present in  higher quantity  in  the acid  secretory  zone o f the  
stomach than in  the p y lo r ic  antrum. H is to lo g ic a l techniques were 
employed to  try  to  decide whether histam ine was re la ted  to p a r ticu la r  
stru ctu res in  the stomach w a ll, such as the p a r ie ta l c e l l s .  I t  
would appear to  be in  favour of histam ine being concerned with the 
acid  secretory process that more histam ine was found in  the mucosa 
of the stomach in i t s  acid  secre tin g  portion and that the g rea te st  
amount/
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amount was in  the region  of the p a r ie ta l c e l l s .  Y et, when m ateria l 
was taken from stomachs se c r e tin g  ex ce ss iv e  amounts o f hydrochloric  
acid  and th is  was compared w ith  m ateria l from stomachs se c r e tin g  a 
low amount o f a c id , l i t t l e  or no d ifferen ce  was found. N ev erth e less , 
i t  must "be kept in  mind that the rate of turnover of histam ine may 
he more important than measurement o f the actu a l concentration  at any 
one tim e. »Yhen histam ine lib e ra to rs  were app lied  to  th in  p ortion s o f  
m ateria l from these two types o f stomach the histam ine o f the submucosa 
was found to be the most dynamic in  y ie ld in g  i t s e l f  up. This may 
in d ica te  a p a r tic u la r ly  la b ile  type o f histam ine, and i t  i s  suggested  
once more that th is  may be mast c e l l  histamine which acts  in  th is  
la y e r  to  ensure v a so d ila ta tio n  o f blood v e s s e ls  and enrichment o f  
blood supply v ia  the submucosal vascu lar plexus when th is  i s  required .
The histam ine r e le a se d , probably to th is  end, was far  greater in  the 
stomachs obtained from duodenal u lcer  cases; i f  histam ine metabolism  
i s  deranged in  duodenal u lce r  p a tien ts  i t  would seem merely to  be by 
way o f lo c a l  upset in  t is s u e  histamine in  one s i t e  such as the 
submucosa; c e r ta in ly  i t  i s  not a general derangement sin ce  many 
observers have found that the urinary histamine i s  not e lev a ted . A ll  
the evidence aval la b le  today would appear to  in d ica te  a lo c a l ro le  
for histam ine, probably as a "chemo-stimulator" of t is s u e s ,  blood  
v e s s e ls  and, in  the stomach and in te s t in a l  tr a c t ,  p a r ie ta l c e l ls ,g la n d s  and 
plain  muscle.
"The l y f  so sh ort, the c r a ft  so long to  le r a e ,  
Th* essa y  so hard, so sharp the conquering*"
Chaucer, *Parlement o f  P o u le s ', i .
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PART THREE.
THE HISTORY, DISTRIBUTION IN NATURE, AND PHYSIOLOGICAL 
SIGNIFICANCE OF 5-HYDRCKYTRYPTAmrE.
H istory o f 5-HT (enteram ine; s e r o to n in ) .
A v a so c o n str ic to r  substance has been known to  be presen t in  
d efib r in a ted  blood or serum fo r  a century (Ludwig and Schm idt, 1868; 
Stevens and Lee, I 884) > indeed i t s  presenoe impedes the attem pts o f 
p h y s io lo g is ts  to perfuse c e r ta in  organs. I t  was only com paratively  
rec en tly  taken up by Irv in e  Page and h is  co llea g u es  (Page, 195$) in  
Cleveland because o f th is  very same nuisance v a lu e , as an in trud ing  
v a so a ctiv e  substance impeding h is  work on an g io ton in . Rapport,
Green and Page in  1948 reported the i s o la t io n  o f  a potant c r y s ta l l in e  
v a so a ctiv e  substance from b eef serum and in  1949 Rapport was ab le to  
demonstrate that the substance contained, an in d o le  base complexed 
w ith /
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w ith  c r e a tin in e  su lp h a te . On the b a s is  o f chem ical and p h y s ic a l 
t e s t s  he p o stu la ted  th a t the su b stan ce, a lready named sero to n in  by 
Page, was more c o r r e c t ly  5“hydroxy-3 -am inoethylindole ( 5 -h yd roxytryp t-  
jamine; 5HT). The substance was la t e r  sy n th es ised  f i r s t  by Hamlin 
and F isch er  (1951) and by S p eeter , Heinzelman and V e isb la t ( l9 5 l )»  
Independently the I ta l ia n  b io lo g is t  Erspamer had been in v e s t ig a t in g  
over the past 30 y e a r s , pharm acologically  a c t iv e  substances p resen t in  
the g a s tr o in te s t in a l tr a c t  o f variou s lower an im als. Masson had 
e a r l ie r  b e liev ed  th at the a r g e n ta ffin  c e l l s  (Masson, 1928) were o f  
an endocrine nature p o ss ib ly  p o ssess in g  some means whereby adjacent  
smooth muscle c e l l s  were s tim u la ted . Erspamer th erefo re  attem pted to  
d isco v er  the p ro p erties  o f the substance in  enterochrom affin  and 
a rg en ta ffin  c e l l s  which gave them th e ir  s ta in in g  r e a c t io n . V i a l l i  
and Erspamer had in  1933 described  the co lour re a c tio n s  and pharmacolo­
g i c a l  e f f e c t s  o f a substance which they c a lle d  enteram ine. I t s  
in d o lic  nature was appreciated  a decade la t e r ,  and i t  was recogn ised  
as a powerful stim ulant of the smooth muscle o f the alim entary t r a c t .  
The a c t iv i t y  o f e x tr a c ts  varied  w ith  the number o f en terochrom affin -  
type a rg en ta ffin  c e l l s  present in  the parent t i s s u e ,  and the id ea  arose  
that th is  was the hormone of the enterochrom affin  c e l l s ,  'enteram ine1. 
Erspamer and B o re tti ( I 95I)  were able to  separate enteramine from 
contaminants and i t  was id e n t if ie d  by Erspamer and Asero in  1952 as 
5-hydroxytryptamine •
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D istr ib u tio n  in  Nature*
5HT i s  w id ely  d is tr ib u te d  in  n a tu re . I t s  v a r ied  d is tr ib u t io n  
encompasses p la n ts , fu n g i and an im als. Among v e r te b r a te s  i t  has been 
described  in  mammals, b ir d s , r e p t i l e s ,  amphibians and f i s h ;  fo r  each  
c la s s  o f the v erteb ra te  phylum no constant d is tr ib u t io n  emerges such  
as might su ggest one uniform fu n c tio n . I t  may be s ig n i f ic a n t ,  hew e v er , 
that in  most o f the h igher v er te b r a te s  5HT fin d s  i t s  r ic h e s t  d i s t r ib -  
sution  in  the alim entary t r a c t .
In lower v e r te b r a te s , some arthropods and angiosperras, the r o le  
of 5®? would appear to  be la r g e ly  d e fe n s iv e . In am phibians, tak in g  
Bufo raarinus, the g ian t toad , as an example, various secre to r y  glands  
are o ften  a lso  venomous glands; in  the case of the toad the venom 
gland s itu a te d  in  the shoulder exudes when the toad i s  handled and 
any noxious agent in  the se c r e tio n  may cause pain in  the mouth or 
paws of an a ttack er i f  i t  p en etrates the mucous membrane or sk in .
( I t  was shown by Armstrong e t  a l .  (1953) that 5HT produces pain on 
intracutaneous in je c t io n  in  humans).
Among the m olluses 5HT has been found in  the sa liv a r y  glands o f  
Octopus v u lg a r is ,  in  various s n a i l s ,  and the ed ib le  m ussel (M ytilus  
e d u lis ,  Twarog (1 9 5 4 )) . In the p o s te r io r  sa liv a r y  glands o f  the  
octopus 5HT i s  re lea sed  during se c r e tio n  (Bacq and G h ir e t t i ,  I 95I ) ,  
but a poisonous ro le  has been suggested  fo r  th is  gland by P h isa lix  
( 1922) s in ce  he found the gland ju ic e  to  be to x ic  when in je c te d  in to  
crabs.
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Florey and F lorey (1954) have found th a t the in je c t io n  o f  as l i t t l e  
as 1 ug in to  a cra b 's  claw causes muscular spasms,
Arthopods o f the c la s s  in s e c ta ,  such as Vespa v u lg a r is  (th e  wasp) 
contain  5ET in  th e ir  s t in g  f lu id  (Jacques and Sch ach ter, 1954)> as 
does the scorp ion .
S im ila r  mechanisms underly the sk in  le s io n s  produced by the  
s p ic u le s  o f cowhage, Mucuna p ru rien s, (Bowden, Brown and B a tty , 1954) 
and by the s t in g  f lu id  o f the common n e t t l e ,  U r tic a r ia  d io ic a  (C o ll ie r  
and Chesher, 195^) (dock le a v e s , long known to  countrymen as an 
an tid o te  to  n e t t le  s t in g s  have been shown to  conta in  a powerful 5HT 
a n ta g o n is t) .
5HT, or a r e la te d  in d o le , may w e ll be the h a llu cogen ic  substance  
in  the sacred fungus of the A tzecs , s in ce  i t  has r ec en tly  been 
extracted  from a h a llu c in o g en ic  p r in c ip le  in  a poisonous mushroom 
of the Baneolus sp e c ie s  (T y ler , 1958) .  Turning to  more innocuous 
fo o d s tu ffs , i t  has been found th at bananas are a r ic h  s to r e ;  about 
3 .8  mgms. may be contained  in  the p ee l and as much again in  the p u lp , 
(Waalkes, Sjoerdsma, C revelin g , Weissbach and U denfriend, 1958) .  This 
in tr ig u in g  fa c t  was d iscovered  out o f an a c t o f k indness (Anderson, 
Z ie g le r  and JDoeden, 1958) .  Monkeys were given a bunch o f bananas as 
a reward and i t  was found that the urinary ex cretio n  o f in d o lic  
su b stan ces, /
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su b stan ces, which were being examined during the course o f the  
experim ent, r o se , remained e lev a ted  and in te r fe r e d  w ith  th e  s a t i s ­
f a c t o r y  com pletion o f the experim ent during the subsequent day.
I t  i s  in te r e s t in g  to  sp ecu la te  th a t the 5HT in  bananas may have 
con trib u ted  to  i t s  e f f ic ie n c y  in  some c a s e s .o f  c o e l ia c  d ise a se  by 
a c t iv a t in g  the m o t il ity  o f the g u t, y e t as much as 20 mgs. o f JET 
must be taken o r a lly  before the e f f e c t s  o f th is  substance are 
apparent.
In most animals the undoubted important s i t e s  o f  5HT 
d is tr ib u t io n  are the brain (Amin, Crawford and Gaddum, 1953) an<i  
g a s tr o - in te s t in a l  tr a c t  (Feldberg and Toh, 1953); in  the former 
s i t e  i t  has been estim ated  th at the turnover i s  ra p id , but in  the  
la t t e r  s i t e  occurs more s lo w ly . There i s  a lso  a con sid erab le  amount 
of 5HT attached to  the p la t e le t s  in  most sp e c ie s  (Zucker, Friedman 
and Rapport, 1954) but the hormone i s  merely being c a rr ied . 5HT i s  
a lso  found in  the mast c e l l s  o f the ra t and the mouse (P arratt and 
West, 1957) but not o f other s p e c ie s .  I t  i s  a lso  found in  a tr a n s -  
splantable mast c e l l  tumour (Sjoerdsm a, Waalkes and W eissbaoh, 1957)*
PHYSIOLOGY.
The p h y s io lo g ic a l r o le s  ascrib ed  to  5HT are le g io n . The 
important claim s are th ose  which have been o u tlin ed  in  the in tro d u ctio n  
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to  the th e s is  and a scr ib e  to  i t : -
(a ) Neurohumoral a c t i v i t y , because o f  i t s  r ic h  d is tr ib u t io n  in  
the brain  (Crawford, 1958), i t s  p o ss ib le  s ig n if ic a n c e  in  autonomic 
and hypothalamic fu n c tio n , and the fa c t  th a t many drugs which 
d istu rb  brain fu n ctio n  are a lso  substances which p o te n tia te  or b lock  
the e f f e c t s  of 5HT e .g .  ip r o n ia z id , reserp ine and ly s e r g ic  a c id .  
(U denfriend, 195$; P le tsc h e r , 1957; P le tsc h e r , Shore and B rod ie , 1955; 
Shore, S i lv e r  and B rodie, 1955)*
(b) A c t iv ity  r e la te d  to  vasomotor fu n c tio n . The e f f e c t s  on the 
blood pressure are very  v a ried  (Page and McCubbin, 1953). The most 
constant e f f e c t  in  many sp e c ie s  seems to  be a tr a n s ie n t  f a l l  in  blood  
pressure; th is  may be succeeded by a r is e  in  p ressu re , which may 
o cca s io n a lly  be the primary e f f e c t  in  the human su b jec t (S p ies and 
S ton e, 1952). A great in crease  in  cardiac output has been dem onstrated  
in  unanaesthetised  p a tie n ts  u sing  the j?ick p r in c ip le  (Page, 1958). 
Serotonin  i s  a powerful v a so c o n str ic to r  o f the lung v e s s e ls ;  in  the  
dog and ca t i t s  actio n  at th is  s i t e  i s  more powerful than th a t o f  
adrenaline and nor-adrenaline (G inzel and K ottegoda, 1953)# R eleased  
from p la te le t  attachm ent, i t  may be important in  the pulmonary hyper-
:ten sion  o f cer ta in  card iac anom alies, and i t  may play a part in  the  
causation  o f some of the general c ir c u la to r y  e f f e c t s  o f pulmonary 
embolism (Smith and Sm ith, 1955)# P arad ox ica lly , 5HT or se r o to n in ,  
a name obviously chosen because of i t s  v a so c o n str ic to r  p r o p e r tie s ,  
may/
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Bulbring and Lin (1958) record th at 5HT stim u la te s  p e r i s t a l s i s ,  
lowers the th resh o ld  fo r  the p e r i s t a l t i c  r e f l e x ,  and in cr ea se s  the  
frequency o f  in t e s t in a l  co n tra ctio n s  and the volume o f f lu id  tr a n s -  
iported  along in t e s t in a l  lo o p s . E leva tion  of the in tra lu m in a l pressure  
caused re lea se  o f 5HT from the is o la te d  in t e s t in a l  preparation ; there  
was a good c o r r e la t io n  "between the r is e  in  in tra lu m in a l p ressu re , the 
r e le a se  o f  5^  an& "tbe volume o f f lu id  transported  along the loops  
of howel examined. The a d d ition  o f the precu rsor, 5-HTP, in creased  
the amount of 5HT in  the e f f lu e n t ,  and in creased  the p e r i s t a l t i c  
a c t iv i t y  of the in t e s t in a l  preparation . These experim ents would 
appear to  enhance g r e a tly  the p h y s io lo g ic a l s ta tu s  o f  5®? as a 
g a s tr o - in te s t in a l hormone.
(d) Erspamer and O ttolenghi advanced cla im s fo r  5ST as an 
a n tid iu r e t ic  fa c to r ;  they found th a t i t  c o n tr o lle d  w ater ex cr e tio n  
in  the rat (Erspamer and O tto len gh i, 1953) by reducing f i l t r a t i o n ,  
through v a so c o n str ic tio n  of a ffe r e n t  v e s s e l s .  Erspamer*s ob servation s  
have been repeated s u c c e s s fu lly  but w ith  la r g er  doses ( l - 3  mg/kg)
(Sa la  and Castegnaro, 1953). On the contrary Abrahams and P ickford  
found that 5 HT produced minimal a n t id iu r e s is  in  conscious dogs. The 
a n tid iu r e t ic  e f f e c t  was only presen t when v a scu la r  and resp ira to ry  
s id e  e f f e c t s  were p resen t. They considered  th at 5HT did not meet the  
requirements o f a s p e c if ic  renal hormone (Abrahams and P ick ford , I 956) .  
In fu s io n /
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may a lso  be v a so d ila to r  a t c e r ta in  s i t e s  (R oddie, Shepherd and 
Whelan, 1955); i t  c o n s tr ic t s  major a r te r io le s  concerned w ith  the  
p eriph era l r e s is ta n c e , but d i la t e s  the sm aller  v e s s e ls  o f the skin#
I t  i s  h e l d  t h a t  ( P a g e  a n d  M c C u b b i n ,  1954) 5®T rnay  a c t  as a 
h u m o r a l  a g e n t  s t a b i l i s i n g  v a s c u l a r  t o n e ,  a c t i n g  a s  a  c h e m i c a l  
b u f f e r  t o  o p p o s e  n e u r a l  e f f e c t s .  This might exp la in  why JHT has 
b e e n  s h o w n  t o  h a v e  s o  m any  c o n f l i c t i n g  d u a l  e f f e c t s ' ,  i t  may h e l p  
t o  c o n t r o l  f u n c t i o n  b y  o p p o s i n g  w h i c h e v e r  i s  t h e  p r e d o m i n a n t  
a u t o n o m i c  a c t i v i t y .  W h e t h e r  s u c h  a  s y s t e m  i s  u s e d  i n  t h e  b o d y  
i s  n o t  y e t  k n o w n ,  n o r  i s  t h e  m e c h a n i s m  b y  w h i c h  p e r f o r m s  t h i s  
a c t i o n .  I t  may d o  s o  b y  i n h i b i t i n g  t r a n s m i s s i o n  t h r o u g h  g a n g l i a  
( M a r r a z z i ,  1953) o r  b y  p o t e n t i a t i n g  i t  ( T r e n d e l e n b u r g ,  1956).
(c )  A c t iv ity  re la ted  to  g a s tr o - in te s t in a l  fu n c tio n . The work 
of Erspamer on the d is tr ib u t io n  of 5&T in  the g a s t r o - in te s t in a l  t r a c t  
suggested  that 5HT must have an important ro le  a t th is  s i t e  (Erspamer, 
1955)* D a lg lie sh , Toh and Work (1953) id e n t if ie d  5HT in  the dog’ s  
g a s tr o - in te s t in a l  tr a c t  and Feldberg & Toh (1953) showed th at i t  was 
p r in c ip a lly  d is tr ib u te d  in  the p y lo r ic  and duodenal mucosa. Toh (1954) 
la te r  demonstrated re le a se  o f  5HT in to  the p o r ta l b lood stream  and 
is o la te d  a substance which re lea sed  5HT from the g a str o —in t e s t in a l  
tra c t in to  the p orta l c ir c u la t io n  (Toh, 1957). In te r e s t  has su bse­
q u e n tly  centred  round the p o s s ib i l i t y  th at 5HT may a f f e c t  the secre to r y  
and motor fu n ction  of the g a s tr o - in te s t in a l t r a c t .  The e f f e c t  o f  5HT 
on acid  secre tio n  i s  d iscu ssed  in  Chapters 2 , 3 and 4 o f part 3 o f th is  
t h e s is .
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In fu sion  o f 5-HT leads to  b i la t e r a l  c o r t ic a l  n e c r o s is  o f the kidney  
(Page and G lendinning, 1955)*
(e )  Reid (1952) stu d ied  the r e la t io n sh ip  o f  5~HT to  the p la t e le t s  
and f e l t  that th is  substance might be o f importance in  haem ostasis 
when r e le a s in g  from d isru p tin g  p la t e le t s  a t s i t e s  o f in ju r y . This 
ro le  o f 5-HT i s  in  doubt, s in ce  reserp ine induced d ep le tio n  (Shore, 
P le tsc h e r , Tomick, Kuntzman, and B rod ie , 1956) p la t e le t s  has been 
found to  have no e f f e c t  on the b leed in g  tim e.
( f )  Armstrong, Dry, K eele and Markham (1953) have considered  
5-HT as one o f  the many substances which may be resp o n sib le  fo r  the  
apparent transm ission  o f pain se n sa tio n .
HUMAN PHYSIOLOGY OF 5-HT.
Only a few experim ents are reported concerning the in fu s io n  o f  
5-HT in  man; Page (1958) rep orts t in g lin g  and warmth in  the e x tr e m it ie s ,  
tachycardia and blood pressure changes, su b stern a l d iscom fort, and 
bladder or in t e s t in a l  motor e f f e c t s  w ith  5“hT in fu s io n s . The p recu rsor, 
5-hydroxytryptophan, 5-HTP has a lso  been given  sy ste m ic a lly  to  nan 
(Bessman, M arlis and Borges, 1957), but w ith  many o f  these untoward 
e f f e c t s  a ls o .  I t  i s  fo r  th is  reason th at i t  has seemed more d es ira b le  
to  in v e s t ig a te  the human pharmacology o f the carc in o id  syndrome (hoping  
always to  be ab le to  do something fo r  i t s  r e l i e f )  rather than to  re so r t  
to  in fu sio n s  o f an a c tiv e  su bstan ce, not e a s i ly  co n tro lled  in  the range 
of i t s  e f f e c t s .
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PART THREE.
INTRODUCTION.
The au th or's  in te r e s t  in  5 - ^ ir o ^ ^ ^ P ^ amdne was aroused as 
fa r  hack as 1952. C.C. Toh had been working on a n ovel e x tr a c t  from  
the dog's g a s tr o in te s t in a l tr a c t  a t The N ation a l I n s t i tu t e  fo r  Medical 
R esearch. I t  con tracted  the a tro p in ised  ra t colon  preparation  in  
a manner not u n lik e that o f any o f the pharm acological substances  
which are a c t iv e  in  high d i lu t io n .  P ro fessor  Gaddum, se e in g  the  
a c i t v i t y  o f th is  substance demonstrated a t a m eeting o f the P h y s io l-  
so g ica l S o c ie ty  a t M ill H i l l  in  1952, declared  th at i t  looked as i f  t h is  
might be Erspamer's enteramine ( la t e r  ch a ra cter ised  as 5~Rydroxytryptamine) .  
D a lg lie sh , Toh and Work were ab le to  confirm  th is  and Peldberg and 
Toh th e r e a fte r  published a d escr ip tio n  o f the d is tr ib u t io n  o f th is  
substance in the alim entary tr a c t  o f the dog. This d is tr ib u t io n  was 
la r g e ly  a mucosal one, regions o f high concentration  being the p y lo r ic  
antrum and the duodenum. A cting on the hypothesis th a t th is  substance  
might have g a str in  l ik e  a c t iv i t y ,  the author and Toh in fu sed  th is  
substance in  varying dosage in to  c a t s ,  a n a esth e tised  w ith  ch lo r a lo se  
and urethane, but were not ab le to  produce g a s tr ic  ac id  s e c r e t io n ;  in  
s im ila r  n egative experiments Schachter, Smith and Toh in je c te d  
5-hydroxytryptamine in traven ou sly  in to  pouch' dogs.
S ix  chapters are presented  which are concerned w ith  experim ents
on/
on 5-HT : three o f th ese  chapters, which are a con tin u ation  o f th is  
work on acid, g a s tr ic  s e c r e tio n  in  the dog, are outlined , as fo llo w s
Chapter 2 c o n s is t s  o f an exam ination o f in h ib ito r y  e f f e c t s  o f  
5-hydroxytryptamine on a c id  g a s tr ic  s e c r e t io n  in  a n a e s th e tise d  dogs.
The in h ib ito r y  e f f e c t s  o f v a r ied  con cen tration s o f 5“Hydroxytryptamine 
have been examined and the e f f e c t  o f 5-HT on f u l ly  developed a c id  
s e c r e tio n  and on the in i t i a t io n  o f the process are compared. An 
estim ate i s  made of how fa r  the in h ib ito r y  e f f e c t  i s  a lo c a l  one or 
i s  induced r e f l e x ly .
Chapter 3 attem pts to  g iv e  g rea ter  p h y s io lo g ic a l s ig n if ic a n c e  
to  the fin d in g s in  the previous chapter by t e s t in g  p o s s ib le  in h ib ito r y  
a ctio n s  of precursors of 5-HT. These substances were lik e w ise  examined 
fo r  th e ir  e f f e c t s  on the in i t i a t io n  of the secre to ry  process and an 
estim ate was a lso  made o f whether th e ir  e f f e c t  was lo c a l ly  or r e f le x ly  
induced. A study was a ls o  made of how, as a r e s u lt  o f conversion  to  
5-HT, the precursors in  a d ie t  r ich  in  tryptophan can e le v a te  the blood  
5-hydroxytryptam ine. The experim ents in  th ese  two chapters were done 
in  cooperation w ith  Dr. J . W. Black and Mr. E. W. F ish er; the author  
was resp on sib le  fo r  in i t i a t in g  these experim ents, in  th a t the work was 
taken up as a r e su lt  of the observations begun a t the N ation a l I n s t i tu t e  
fo r  m edical Research (a lready  m entioned), and described  in  Toh1s t h e s i s ,  
"Histamine, Substance P and 5-hydroxytryptam ine", fo r  the Ph.D. degree
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o f the London U n iv e r s ity , 1953# The author p erso n a lly  conducted the 
experim ents describ ed  in  th is  T h e s is , and although they have been 
published in  conjunction  w ith  Black and F ish er , Black and F ish er  were 
to  have been concerned as th e ir  part w ith  ob servation s on the a c id -b a se  
balance.
Chapter 4 c o n s is t s  o f  an exam ination o f the p o ss ib le  supportive  
ro le  o f fo r  an in h ib ito r y  r e f le x  of g a s tr ic  s e c r e t io n . E xperi­
m ents are d escrib ed  to  show th a t the in h ib ito r y  e f f e c t  o f recen t  
feed in g  i s  minimised by preventing  a c id  spread on the su rface  o f  the 
p y lo r ic  antrum by p la c in g  a lig a tu r e  a t the m id-point o f the stomach. 
The in h ib ito r y  e f f e c t  o f recen t fe e d in g , furtherm ore, was dependent 
on the presence o f in ta c t  vagus n erv es , and the case i s  argued for  
there being a mechanism fo r  in h ib it in g  a c id  se c r e tio n  v ia  vaga l 
a fferen t nerve f ib r e s .  Evidence i s  presented as a r e s u lt  o f pharmacol- 
so g ica l a c t iv a t io n  o f these f ib r e s  by phen yl-d igu an id e, th a t they may 
a f fe c t  g a s tr ic  s e c r e t io n . The p o s s ib i l i t y  e x i s t s  th erefo re  th a t 5”HT 
may serve on the a ffe r e n t s id e  as a tra n sm itter  o f nervous a c t iv i t y  
of th is  s o r t ,  or that in  some other way, perhaps c e n tr a l ly ,  i t  may 
support ah in h ib ito r y  r e f le x  c o n tr o ll in g  g a s tr ic  s e c r e t io n .
S ecre tin g  carc in o id  tumours provide the c l in i c a l  in v e s t ig a to r  w ith  
an opportunity o f examining the human pharmacology o f 5-HT i f  these  
c a s e s /
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cases present the fu n ctio n in g  ca rc in o id  syndrome. In Chapter 5 "the 
su b jec t o f ca rc in o id  tumours i s  reviewed on the personal exp erien ce  
of n ine ca ses  o f  th e 'b a rc in o id  syndrome" stu d ied  by the author. In 
th is  chapter and Chapter 6 the in te r -r e la t io n s h ip s  o f 5-hydroxytryptam ine 
and 5-HT have been stu d ied  in  d e t a i l  (much o f  th is  work provided ev idence  
regarding the importance o f 5HTP w hich, i t  i s  held  by the author, may 
by formed as w e ll  as 5“HT by the a rg en ta ffin  c e l l s ;  th is  work was going  
on sim ultaneously  w ith  the work d escribed  in  Chapters 2 , 3 and 4> and 
in flu en ced  the arguments propounded in  th ese  ch a p te r s ) . In Chapter 6 
the e f f e c t s  o f 5HT on g a s tr ic  se c r e tio n  in  the presence of high blood  
le v e ls  in  human cases o f the ca rc in o id  syndrome have been s tu d ie d .
Various substances, such as histam ine and a lc o h o l which might a c t iv a te  
secre tio n  in these c a s e s , have been shown to  provoke a fu rth er  s e c r e t io n  
of 5HT* Tii© e f f e c t s  o f feed in g  a high p rotein  d ie t  and a high fa t  d ie t  
on 5HT re lea se  and form ation have been compared. L a st ly , the lo c a l  5HT 
concentrations have been in creased  by ip ron ia z id  and th is  substance  
has been given to  determine whether the p o te n tia tio n  o f  5HT t is s u e  
sto res  in flu en ces  g a s tr ic  s e c r e t io n .
The experiments in  Chapter 1 lead  on, a t th is  p o in t , w ith  a
d escr ip tio n  o f a " tissu e  role"  shared by 5HT and tryptam ine in  c e r ta in
s p e c ie s ,  namely the property o f histam ine r e le a s e . I t  i s  diown that
5HT i s  an e f f e c t iv e  endogenous histam ine lib e r a to r  in  c a ts  and r a t s .
Why/
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Why th is  property o f  h istam ine r e le a se  does not lead  to  spontaneous 
a cid  g a s tr ic  s e c r e tio n  remains a m ystery, -  i t  may he th a t the  
in h ib ito r y  e f f e c t  o f 5“0T overrid es the secre to r y  stim u lan t p ro p ertie s  
of the re le a se d  h istam in e. I t  must be s tr e s s e d  once more th at 5”HT 
has no prolonged stim u la tory  e f f e c t  on a c id  s e c r e t io n .
CHAPTER cars.
R elease o f histam ine by tryptamine and
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CHAPTER ONE.
RELEASE OF HISTAMINE BY TRYPTAMME ARP 5-HYDRQXYTRYPTAMINE.
Macintosh and Paton (1949) have shown th a t many amines have in  
common the property o f causing histam ine r e le a s e .  In th is  chapter  
i t  w i l l  he shown that th is  a p p lie s  to  tryptam ine and 5“hydroxy tryptam ine  
as w e l l .
The fo llo w in g  procedures were adopted fo r  examining the h istam ine  
r e le a s in g  p ro p ertie s  of the tryptamine compounds, ( l )  P erfusion  o f  
is o la te d  sk in  f la p s  and gastrocnem ius m uscles and assay in g  the h istam ine  
in  the venous e f f lu e n t  a f te r  a r t e r ia l  in je c t io n  of the tryptam ine 
compounds, (2 ) Determining changes in  h istam ine conten t o f  t is s u e s  
a f te r  subcutaneous and in tr a p e r ito n e a l in je c t io n s  o f  tryptam ine.
The re le a se  o f histam ine was examined in  human ca ses  o f the ca rc in o id  
syndrome by estim atin g  the urinary ex cr e tio n  o f h istam ing u sin g  the  
method of Roberts and Adam (1950)**
METHODS.
The perfusion  experim ents were performed on skin f la p s  o f  the
c a t ’ s and dog’ s hind le g  and on the gastrocnem ius muscle o f the c a t ,
according to  the methods described  by Feldberg and Paton (1951) a^d
*
Feldberg and Schachter (1 9 5 2 ). The presence o f the venous samples 
of tryptamine and 5“Ry&roxytiyptamine c o l le c te d  a f te r  t h e ir  in je c t io n  
had to  be taken in to  account when assay in g  the samples fo r  histam ine  
on the a trop in ized  gu in ea -p ig ’s ileum  prep aration , because th ese  
su b stan ces/
( * See Appendix)
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substances have them selves a c o n tr a c t i le  e f f e c t  on t h is  p rep ara tion . 
For th is  reason , the samples were f i r s t  assayed fo r  tryptam ine or 
5-hydroxytryptamine r e s p e c t iv e ly  on the a tro p in ized  r a t ' s  c o lo n ,  
according to  the method d escrib ed  by Feldberg and Toh (1953)* They 
were then assayed fo r  h istam ine on the g u in ea -p ig 's  ileum  preparation  
by adding to  the c o n tro l so lu t io n s  o f h istam in e, tryptam ine, or 
5-hydroxytryptamine r e s p e c t iv e ly . For in s ta n c e , i f  a sample o f  
p erfu sate was found to  contain  100 ug. tryptamine per m l,, and 
0 ,0^ ml* was required fo r  producing a reasonable co n tra ctio n  o f  the  
g u in ea -p ig 's  gu t, the e f f e c t  was compared w ith  co n tra ctio n s  produced 
by d if fe r e n t  amounts o f histam ine to  each o f which was added 5 ug* 
tryptam ine•
Changes in  histam ine content o f  t is s u e s  a f t e r  subcutaneous and 
in tra p er ito n ea l in je c t io n s  o f tryptam ine were stu d ied  in  a lb in o  r a ts  
of about 100 g . body w eigh t. The r a ts  were k i l l e d  by a blow on the  
head and samples o f the t is s u e  to  be examined were removed, w eighed, 
ground in  l / 3  N H.C1 w ith  s a lin e  s o lu t io n ,  b o ile d  and n e u tr a liz e d  
before t e s t in g .  The method has been described  elsew here (Feldberg  
and T alesn ik , 1953? Sm ith, 1953), T issue samples from 4 to  6 r a ts  
were pooled and ex trac ted  tog eth er  in  order to  minimize in d iv id u a l  
v a r ia tio n s  in  the histam ine co n ten t.
A ll va lu es fo r  histam ine are expressed  as b ase. Dr. R. K.
R ichards, Abbott L aboratories, k in d ly  provided the sample o f
5-hydroxytryptamine crea tin e  su lp h a te . I t s  m olecular w eight i s  355* 
o f /
-  203 -
o f which ahout h a l f ,  i . e . ,  176, rep resen ts the base; a l l  v a lu es  
given  r e fe r  to  the b ase . The tryptam ine used was the h yd roch loride .
I t s  m olecular w eight i s  196.5* o f which about 80$, i . e .  160, rep resen ts  
the base; a l l  v a lu es  given r e fe r  to  the s a l t .  In some experim ents the  
histam ine r e le a s in g  a c t iv i t y  o f tryptam ine was compared w ith  th a t o f  
compound 4 8 /8 0 , k in d ly  provided by the la te  Dr. C. H. Kellaway 
(Wellcome Research L ab ora to r ies).
RESULTS.
Perfused Skin Plap o f the C at.
Both tryptam ine and 5-hydroxytryptamine caused a r e le a se  o f  
histam ine from perfused  sk in  f la p s .  There was, in  ad d ition *  vasocon -  
j s t r ic t io n  and the development of oedema; the v a so c o n s tr ic t io n , which  
was p a r tic u la r ly  stron g  a f te r  5-ky<i*,oxytryptam ine, was probably only  
to  some degree due to  the re lea sed  histam ine and was mainly a d ir e c t  
e f f e c t  o f the tryptamine compounds on the v e s s e l s .  With the in je c t io n  
o f e ith e r  2 .5  rag. tryptam ine or 5“bydroxytryptamine in  0 .5  ml . ,  the  
flow  was e ith e r  stopped or n early  stopped by a v a so c o n str ic t io n  which 
supervened about 2 rain, a f t e r  the in je c t io n .  When the flow  was not 
to t a l ly  a rrested , the v a so c o n str ic tio n  was found to  reach a maximum 
in  5-7 min. and then very gradually  subsided . The in te n s ity  o f the 
oedema p a r a lle le d  the output o f h istam ine; i t  developed during the 
f i r s t  30 or 60 min. a f te r  the in je c t io n , was p a r t ic u la r ly  pronounced 
in /
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in  the subcutaneous t i s s u e ,  and cou ld  amount to  about s ix  tim es the  
w eight o f  the sk in  f la p .
As was to  be ex p ected , the f i r s t  samples a f t e r  the in je c t io n s  
contained  most o f  the tryptam ine or 5-hydroxy tryptam ine • They were 
recovered in  the venous e f f lu e n t  to  between 50-70$. S in ce the f i r s t  
drops o f venous e f f lu e n t  a f t e r  the in je c t io n ,  which probably contained  
the h ig h est con cen tration  o f the tryptam ine compounds, were d iscard ed , 
the a c tu a l amounts escap in g  in to  the venous e f f lu e n t  were probably  
g rea te r . F urther, some d estru ctio n  and in a c t iv a t io n  o f  th ese  
compounds may have occurred during the passage through the sk in  and 
some may have been re ta in e d , as evidenced by th e ir  presence in  the  
oedema f lu id  c o l le c te d  a f te r  c e s sa t io n  o f the p er fu s io n .
Table I  shows the amounts o f tryptamine and 5-bydroxytryptamine 
from sk in  f la p s  o f the same ca t in  su ccess iv e  samples o f  venous e f f lu e n t ,  
and the histam ine conten t of th ese  samples when assayed a g a in st  known 
histam ine so lu t io n s  but in corporatin g  the amounts o f  the tryptam ine 
compounds present in  them. (Table X).
Table I I  shows the amounts o f histam ine re lea sed  in  e lev en  
experiments on in je c t io n  o f  0 .5 -2  mg. o f the two tryptam ine compounds. 
Doses under 0 .5  mg, were in e f f e c t iv e ,  but w ith  2 mg* u su a lly  between 
93 and 283 ug. histam ine was r e le a se d . The low va lu e o f 30 u g . in  
experiment 6 represents on ly  the histam ine o f the sample c o l le c t e d  
during/
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during the f i r s t  5 min. a f t e r  the in je c t io n ;  in  th is  experim ent the  
v a so c o n str ic t io n  was so  in te n se  th a t the flow  stopped a f t e r  t h is  tim e 
and attem pts to  r e s ta r t  i t  by in cr ea sin g  the p erfu sion  pressure led  
to  leakage from the a r t e r ia l  s id e ,  so  th a t the experiment had to  be 
d iscon tin u ed .
In experim ents 4 ,  5* 8 and 9 o f Table I I ,  the sk in  f la p s  o f  
both le g s  were perfused  and tryptamine was examined on one s id e  and 
the eq u iva len t amount o f droxytryptamine °n the o th er . I t  i s
ev ident th at the two compounds have approxim ately the same histam ine  
re le a s in g  a b i l i t y ;  i f  there i s  any d if fe r e n c e , tryptamine i s  s l ig h t ly  
more a c t iv e .  S in ce we express 5“kydroxyptamine as base and tryptam ine 
as s a l t ,  2 mg. o f  tryptamine corresponds to  1 .6  mg. o f  base o n ly , and 
the d iffere n c e  between the a c t iv i t y  o f the two compounds i s  thereby  
accentuated .
A s im ila r  con clu sion  i s  reached from experim ents in  which the  
e f f e c t s  of repeated in je c t io n s  are compared on the same sk in  prepar­
a t i o n .  In the experim ents o f P ig . 1 , 2 mg. o f 5-bydroxytryptamine 
and 2 mg. o f tryptamine were in je c te d  in to  the sk in  f la p s  o f  both  
le g s  o f the same o a t ,  but in  reversed  order. In both p erfu sion s the 
f i r s t  in je c t io n ,  whatever the tryptamine compound in je c te d , produced 
a grea ter  histam ine output than the subsequent in je c tio n *  I t  wee 
p o s s ib le ,  however, to  in crease  the histam ine output con sid erab ly  by 
doubling the dose in je o te d . This i s  seen fo r  tryptamine a t  the end
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4mgmT.
2mgmT.
Left side.Right side.
2mgmT. 2mgmH.T.
i F
120.90.60.30.90.30. 60.
Min.
F ig , 1 -  Histamine output from perfused sk in  preparations o f the 
hind le g s  o f the same ca t a f t e r  tyrptamine (T) and 
5-hydroxytryptamine (HT.) The b lack areas above the 
b a se - lin e  in d ic a te  periods o f pronounced v a so c o n str ic t io n .
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o f  the p erfu sion  o f  the l e f t  sk in  f la p  (P ig . l ) .
The v a so c o n str ic t io n  in te r fe r e d  w ith  the time course o f  the
appearance o f  h istam ine in  the venous o u tflo w , and the trough seen  
in  the record o f the h istam ine output a f t e r  4 Kg* tryptam ine i s  
exp la in ed  by the fa c t  th at during the corresponding period  the flow  
was g r e a tly  reduced and th erefo re  only a sm all volume o f  venous 
e f f lu e n t  c o l le c t e d .  The v a so c o n str ic t io n  in te r fe r e d  a ls o  w ith  the  
output o f  h istam ine during some o f the previous in je c t io n s  in  the  
experiment o f P ig . I ,  by d ela y in g  the maximal output per minute 
u n t i l  the v a so c o n str ic t io n  had subsided . However, the a c tu a l  
"release"  o f histam ine probably occurs as in sta n ta n eo u sly  as a f t e r  
the other known histam ine l ib e r a to r s .
The histam ine r e le a se  was a sso c ia te d  w ith  a reduction  in  the 
histam ine content o f  the c e n tr a l parts o f  the perfused sk in . In 
one experiment a r e le a se  o f 173 ug . histam ine a f te r  2 mg. tryptam ine 
reduced the histam ine conten t in  the c e n tr a l part o f  the sk in  f la p  
by 75$, to  2 .9  ug. / g . j  in  a corresponding experiment w ith  2 mg. 
5-hydroxytryptamine a r e le a se  o f  171 ug. histam ine caused a reduction  
by 88$, to  2 .6  u g . / g .
When the histam ine r e le a s in g  property o f  the two tryptam ine 
compounds i s  compared on the perfused  o a t 's  sk in  preparation  w ith  th a t  
of 4 8 /8 0 , i t  i s  found th a t , weight fo r  w eigh t, 48 /80  i s  about 100 tim es 
more a c t iv e .  This i s  i l lu s tr a te d  in  the experiment o f P ig . 2 , in  which 
th e /
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40
Left side.Right-side.
30
2mgm.T.
2 0 -
2mgmT.
60.
Min.
30. 90. 120. 0. 30. 60. 90.
Min.
Fig* 2 -  Comparison o f the histam ine output by 48 /80  and txyptamine 
(T) from perfused  sk in  preparations o f the hind le g s  o f  
the same c a t .  The b lack  areas above the b a s e - lin e  in d ic a te  
periods o f pronounced v a so co n str ic tio n *
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the e f f e c t  o f  20 ug . 48/80 i s  compared w ith  th a t o f 2 mg. tryptam ine, 
on two sk in  preparations from the same oat in  which the order o f  
in je c t io n  was reversed . The tryptam ine compounds are th ere fo re  about 
as a c t iv e  a s ,  or perhaps even s l i g h t ly  more a c t iv e  than , propamidine. 
They are c e r ta in ly  more a c t iv e  than the other amines and am idines 
examined by Macintosh and Paton (1949)> aud- a ls o  more a c t iv e  than the 
opium a lk a lo id s  and morphine d e r iv a tiv e s  examined by Feldberg and 
Paton (1 9 5 1 ).
Perfused Gastrocnemius Muscle o f  the Cat.
The histam ine r e le a s in g  a c t iv i t y  o f tryptam ine and 5-hyd-roxytrypt- 
jamine from the perfused  gastrocnem ius p is c le  i s  i l lu s t r a t e d  in  the 
two experim ents in  F ig . 3 , which are from d if fe r e n t  c a t s .  S in ce the  
gastrocnem ius has a low histam ine co n ten t, the amounts r e lea sed  from  
t h is  preparation are much sm aller  than those re lea sed  from the c a t 's  
sk in . In the f i r s t  experim ent, two su c c e ss iv e  in je c t io n s  o f 2 mg. 
5-hydroxytryptamine re lea sed  3 .3 5  an<l  0 .71  ug. h istam ine; in  the  
second experiment 2 mg. tryptam ine re lea sed  2.59 ug. histam ine and a 
succeed ing in je c t io n  o f 4 mg., 6 .35  ug. Although the two experim ents 
were from d if fe r e n t  c a t s ,  they su ggest th a t fo r  the perfused g a stro c ­
nemius m uscle, as fo r  the perfused  sk in  o f the c a t ,  the mistamine 
r e le a s in g  property o f the two compounds i s  o f the same order.
The amounts o f histam ine re lea sed  in  the two experim ents o f  F ig . 3 
represent only a fra c tio n  o f the muscle h istam ine. In the experim ents 
w ith /
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2mgm.H.T. 
Mg/min. |
Expt.l.
2mgm.H.T.
!
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O 3 0  6 0
Min,
4mgm.T
2mgm.T.
Expt.2.
3 0 6 0O
Min.
F ig , 3 -  Histamine output from perfused  gastrocnem ius a f t e r  2 mg, 
5-hydroxytryptamine (HP) in  ex p t. 1 and a f t e r  2 and 4 nig* 
tryptamine (T) in  ex p t, 2 which was from a d if fe r e n t  c a t .
-  213 -
w ith  5-hydroxytryptam ine, the gastrocnem ius o f the non-perfused  le g  
weighed 30 g . and contained  1 .38  u g ./g .  h istam ine; i t s  t o t a l  h istam ine  
con ten t was th erefore  about 41 u g . ; the amounts re lea sed  by the two 
in je c t io n s  o f 5-hy^roxytryptam ine correspond, th e r e fo r e , to  about 
10$ o f th is  f ig u r e .  In the other experim ent, the w eight o f the non­
perfused  gastrocnem ius was 28 .5  g* contained  1 .64  u g . /g .  h istam ine;  
i t s  t o t a l  histam ine conten t was th erefo re  about 47 u g . , o f which a 
l i t t l e  over 20$ was re lea sed  by the two tryptam ine in je c t io n s .
Perfused Skin Flap of the Dog.
Tryptamine a lone was examined, which produced some v a s o c o n s tr ic t io n ,  
but to  a le s s  degree than on the c a t ’ s sk in  p reparation . When assay in g  
the e f f lu e n t  fo r  tryptamine on the r a t ’s c o lo n , the v a lu es obtained  fo r  
the combined f i r s t  three sam ples, c o l le c te d  over a 10 min. period  a f t e r  
the in je c t io n ,  were h igher than the a c tu a l amounts o f tryptam ine in je c te d .  
This may have r e su lte d  from the fa c t  th at th ese  samples c o l le c te d  during  
the v a so c o n str ic t io n  were b lo o d -s ta in ed , even i f  the e f f lu e n t  had become 
c le a r  before the in je c t io n ;  and i t  had been found th at samples c o l le c te d  
at the beginning o f the p er fu sio n , when they were y e t  b lo o d -sta in ed  and 
cloudy but no tryptamine had been in je c te d , had some a c t iv i t y  on the  
r a t ’ s co lo n . I t  was not examined whether th is  a c t iv i t y  was due to  
tryptamine or 5-hydroxytryptam ine. In order to  avoid  the error o f  
exaggeratin g , by th is  a c t iv i t y ,  the histam ine assayed in  the e f f lu e n t ,  
two methods were adopted: one (method l )  by tak in g  the e x c e s s iv e ly  
h ig h /
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high va lu e a c tu a lly  assayed  fo r  tryptam ine on the r a t ’s  co lon  as  
rep resen tin g  the tryptam ine in  the sam ple, and the o th er (method 2) 
by assuming th a t the f i r s t  three samples contained  the t o t a l  amount 
o f tryptam ine in je c te d . With both methods a histam ine r e le a se  could  
be dem onstrated, b u t, as seen  from Table I I I ,  the v a lu es
TABLE I I I
HISTAMINE OUTPUT BY TRYPTAMINE FROM PERFUSED SKIN 
PREPARATION OF THE DOG.
Tryptamine
In je c ted
u g . Histamine Assayed
By Method 1 By Method 2
2 mg. in  0 .5  ml. 7 .0 —
4  n it 2 ” 5.3 5 .8
g it m 2 ” 6 .8 9 . 6
obtained w ith  the second method here h igher; even th ese  may be an 
underestim ation o f  the a c tu a l amounts o f  histam ine presen t in  the  
sam ples, because i t  i s  u n lik e ly  th a t there was a 100$ recovery o f  
tryptam ine•
Histamine R elease from R at’s T issue by Tryptamine.
Acid s a lin e  e x tr a c ts  from rat t is s u e  produced co n traction  o f the 
r a t ’ s co lon ; the a c t iv i t y  corresponded to  th a t  o f 10-20 ug. tryptamine 
p er/
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per gramme t i s s u e .  Somewhat h igher v a lu es  were obtained from the 
animals tr e a te d  w ith  tryptam ine. Although suoh amounts o f  tryptam ine  
would not g r e a t ly  in te r fe r e  in  the histam ine a ssa y , they  were taken 
in to  account by f i r s t  a ssa y in g  the e x tr a c ts  ag a in st tryptam ine on 
the ra t c o lo n , and, in  the subsequent h istam ine assay  on the g u in ea -  
p ig 's  ileu m , adding tryptam ine to the co n tro l so lu t io n  o f h ista m in e , 
as in  the corresponding assays o f  p erfu sa te  (see  M ethods).
Subcutaneous I n je c t io n s .
As w ith  48/ 8O, the subcutaneous in je c t io n  o f tryptamine lead s to  
a reduction  o f sk in  histam ine a t the s i t e  o f in j e c t io n .  For th is  
purpose 2 mg. tryptamine was in je c te d  in  0 .5  ml. in  p rev io u sly  
demarcated areas o f the abdominal sk in  in  e ig h t r a t s .  The in je c t io n s  
caused lo c a l ly  a b lu ish  oyanosed area surrounded by erythema which  
two hours la t e r  became cyanosed a ls o .  By th is  time a haemorrhagio 
w eal had developed a t  the in je c t io n  s i t e .  H alf o f  the in je c te d  ra ts  
were k i l le d  two hours a f te r  the in je c t io n ;  the sk in  a t the s i t e  o f the 
in je c t io n  contained  blood c e l l s  and plasma. The other h a lf  o f the 
ra ts  were k i l l e d  24 hours a f t e r  the in je c t io n ;  the s i t e  o f in je c t io n  
was no lon ger oedematous but contained  a cru st o f c e l l s  and dried  
serum. The histam ine content o f the sk in  areas a t the s i t e  o f in je c t io n  
from these r a ts  i s  given in  Table IV and compared w ith the histam ine  
content from normal r a ts  and from sk in  areas o f ra ts  having rece iv ed  a 
co n tro l in je c t io n  o f 0 .5  m l. s a lin e  s o lu t io n . Tryptamine produces a 
g r e a t/
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TABLE IV.
EFFECT CF SUBCUTANEOUS INJECTION OF 2 M2. TRYPTAMINE 
IN 0 .5  ML. ON HISTAMINE CONTENT OF ABDOMINAL SKIN 
(POOLED SKIN SAMPLES) AT SITE OF INJECTION.
No. o f  
Rats Treatment
u g ./g .
Histamine
t
Reduction
2 None 50 0
2 2 h r. a f te r  in je c t io n  o f  
s a lin e
42 16
4 2 h r. a f te r  in je c t io n  o f  
tryptam ine
14 72
4 24 h rs . a f te r  in je c t io n  o f  
tryptamine
12 .8 74
1
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great reduction  in  h istam ine conten t which p e r s is t s  a f t e r  a l l  tra ce s  
o f oedema have d isappeared . The sm all reduction  two hours a f t e r  the 
s a lin e  in je c t io n  must be accounted fo r  by an in creased  f lu id  con ten t  
o f the sk in  due to  the fa c t  th at the in je c te d  f lu id  was not com p lete ly  
absorbed.
There i s  t h is  d iffe r e n c e  between the e f f e c t s  o f  tryptam ine and 
those o f corresponding experim ents w ith  48 /80  (see  Feldberg and 
T alesn ik , 1953) th at the in je c t io n  o f tryptam ine, probably through 
i t s  in ten se  v a so c o n str ic to r  p r o p e r tie s , produces lo c a l  damage to  the 
t is s u e  which may con tr ib u te  to  the observed reduction  in  h istam ine  
co n ten t.
In tra p er ito n ea l I n je c t io n s .
E ight r a ts  were each given  a t o t a l  of 13 mg. o f tryptam ine in t r a -  
p e r ito n e a lly .  The in je c t io n s  were made tw ice d a i ly ,  s ta r t in g  w ith  1 mg. 
and going up to  4 mg. 9 as shown in  Table V.
A fter  the in je c t io n  o f 1 m g., re sp ira tio n  became a c c e le r a te d , and 
a f te r  2 and 3 mg. was, in  a d d itio n , laboured. The ra ts  became c y a n o tic , 
th e ir  coat was r u f f le d , but la t e r  the sk in  became p ink , and in  some 
animals oedema developed round the mouth and on the paws. This occurred  
a f te r  2 mg. in  th r e e , and a f t e r  3 mg. in  f iv e  out o f  e ig h t  r a ts  about 
45 rodn. a f t e r  the in je c t io n s .  With 4 mg« dhe anim als were f i r s t  
p ro stra ted , cyanosed, and c o ld , and oedema developed in  h a lf  the anim als 
when the began to  recover .
T able/
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Table V g iv e s  the h istam ine conten t of v a r io u s t is s u e s  from 
th ese  anim als k i l l e d  24 hours a f t e r  the la s t  in je c t io n . The v a lu es  
from the pooled samples are compared w ith  those obtained from s ix  
co n tro l r a t s .  There i s  a d e f in it e  reduction  in  sk in  h istam ine and 
a ls o ,  to  a le s s e r  d egree, in  the histam ine conten t o f the diaphragm, 
but the h istam ine conten t o f  the v is c e r a  showed no c o n s is te n t  change. 
The d iffe r e n c e  o f 10$ or le s s  cannot be regarded as s u f f i c ie n t  proof 
of the tryptam ine.
TABLE V
CHANGES IN HISTAMINE CONTENT 0? RAT'S TISSUES AFTER 
INTRAPERITGNEAL INJECTIONS OF TRYPTAMINE (FIRST BAY 
1 M3. TWICE; SECOND BAY, 2 M3. TWICE; THIRD DAY,
3 M3 ONCE AND 4 M3 CNCE)
Area
u g /g . His tamine
%
Change
a f te r
TryptamineC ontrols
A fter
Pryptamine
Skin o f  ear 50 35 -30
Skin o f paw 55 30 -46
Skin o f abdomen 32 18 -39
Diaphragm 11.5 8 .5 -26
Liver 0 .7 0 .7 0
Lung 1 .0 0 .9 -10
Aorta 2 .3 2 .5 +9
Stomach 12 .5 11.5 -8
Histamine r e le a se  in  the human su b je c t .
The urinary histam ine was measured in  four in sta n ces  o f  the carc in o id  
syndrome/
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syndrome in  p a t ie n ts  s e c r e t in g  5-HT endogenously (see  Chapter 5 ) .
In each case  o f four examined the le v e ls  were ra ised  (s e e  Table '6. ) ,  
the r e s u lt s  which are in  agreement w ith  those o f Pernow and Waldenstrom 
(1956) and w ith  Sandler and Snow ( 1958) .  I t  would appear th a t 5-HT 
r e le a se s  histam ine in  the human case but th at the con cen tra tion  o f  
5-HT to  which the t is s u e s  are exposed must be a very h igh one. I t  
i s  o f some in te r e s t  th a t the histam ine f in d in g s  were h ig h est in  p a tie n ts  
whose ac id  s e c r e tio n  was on the whole o f a low order (se e  Chapter 6 ) .
DISCUSSION.
The f in d in g  o f tryptamine and 5-hydroxytryptamine having the a b i l i t y  
to  r e le a se  h istam ine from l iv in g  t is s u e  brings them in to  l in e  w ith  the  
large groups o f  amines having th is  property. Although the a c t iv i t y  o f  
tryptam ine and 5-ky^roxytryptamine in  r e le a s in g  histam ine i s  somewhat 
g rea ter  than th a t o f the other amines and am idines examined by Macintosh 
and Paton (1949)* and- i s ,  in  f a c t ,  s l ig h t ly  more a c t iv e  than th at o f  
propamidine, the most a c t iv e  compound examined by these au th ors, th is  
a ctio n  must, nevertheless, be regarded as a s id e - e f f e c t  o f  th e ir  
pharm acological p r o p e r tie s . This does not e lim in ate  the p o s s ib i l i t y  
th a t histam ine r e le a se  i s  a t the root o f  c e r ta in  phenomena, seen a f t e r  
in je c t io n  o f tryptamine compounds and resem bling histam ine e f fe c ts ?  
fo r  in s ta n c e , i t  may account fo r  some o f the depressor e f f e c t s  on the  
a r te r ia l  blood pressure obtained w ith  5-hydrosytryptam ine in  ca ts  and 
dogs (Erspamer, 1952; Page, 1952 » Freyburger, Graham, Rapport, Seay, 
G ovier/
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TABLE 6 .
THE URINARY EXCRETION OF HISTAMINE IN CARCINOID 
PATIENTS AS ESTIMATED BY THE METHODS OF ROBERTS 
AND ADAM (1 9 5 0 ). (See Appendix: normal range 1 2 .1 -  41*1
ug/2 4  h r .)
Case No. ug. per 24 h r. fr e e  histam ine
3 1,100
2 1,800
4 2,400
18 3 ,600
• ;  \ v  - . A ' - ' - - :  ■ - : / r". --  ■ v:.,:..:.-'  . v ^  ?
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of high co n cen tra tio n . The d ir e c t  d f fe c t s  on smooth muscle have 
suggested  to  o th e r s , (Bulbring and Lin) ( 1958) ,  that th is  substance  
may have a p o ss ib le  ro le  in  in t e s t in a l  fu n ction  as a motor hormone.
I t s  lo c a l iz a t io n  to  the mucosal la y e r , and in  p a r t ic u la r , i t s  general 
d is tr ib u t io n  in  the pylorus and duodenum, suggested  a p o s s ib le  r e la t io n -  
:sh ip  to  secre to r y  a c t iv i t y  in  th is  region  o f the alim entary t r a c t ,  
s in ce  th ese  s i t e s  are c lo s e ly  s im ila r  to  those d escribed  fo r  g a s tr in  
and en tero g a stro n e . I t  seemed important to  determine the ro le  o f  
5-hydroxytryptam ine in  acid  g a s tr ic  se c r e tio n  fo r  th ese  reasons and 
a lso  s in ce  in  Chapter 1 , part 2 we have d iscu ssed  how histam ine  
l ib e r a to r s  such as d -tubocurarine, propamidine and compound 48 /80  
e l i c i t  a c id  g a s tr ic  s e c r e t io n .
I t  i s  o f some in te r e s t  th at human cases o f carc in o id  tumours 
s e c r e t in g  large amounts o f 5-HT in to  the bloodstream  a ls o  ex cre te  
e lev a ted  amounts o f h istam ine. A reasonable exp lanation  would 
appear to  be th a t histam ine has been re lea sed  in  these p a tie n ts  
from the t is s u e s  by 5“HT a f t e r  the same manner as in  the experim ental 
anim al. The fa c t  that (see  Chapter 6) the a c id  secre tio n  in  th ese  
p a tie n ts  was on the low s id e  su ggests  th at there may be some b lock ing  
e f f e c t  o f 5-HT on the a c t iv i t y  o f histam ine on the p a r ie ta l c e l l  as  
w e ll  as a h ista m in e-d isp la c in g  a c tio n  o f 5-HT. For reasons such as 
th is  the d ir e c t  e f f e c t s  o f 5-HT on acid  se c r e tio n  in  the experim ental 
animal are examined in  Chapter Two.
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SUMMARY.
Tryptarnine and 5 ~^&ro:xy tryptarnine r e le a se  histam ine from l iv in g  
t is s u e ;  th is  f in d in g  brings them in to  l in e  w ith  the large group o f 
amines having th is  property. The h istam in e-re  le a s in g  a c t iv i t y  o f  
tryptarnine and 5-ky&r °xy^iyP'kamine i s  about 100 tim es le s s  than th a t  
o f compound 4 8 /8 0 . The r e le a se  o f histam ine was demonstrated under 
the fo llo w in g  experim ental co n d itio n s:
(a ) A fter  a r t e r ia l  in je c t io n  o f e ith e r  tryptarnine or 5”ky&roxy_
:tryptarnine in to  the perfused sk in  f la p  or gastrocnem ius o f the c a t .
(b) A fter  a r t e r ia l  in je c t io n  of tryptarnine in to  the perfused  
sk in  f la p  o f the dog.
(c )  A fter  subcutaneous or repeated  in tr a p e r ito n e a l in je c t io n s  
of tryptarnine to  r a t s .  The subcutaneous in je c t io n  caused a lo c a l  
reduction  in  the histam ine content o f sk in  a t the s i t e  o f in j e c t io n ,  
the in tr a p e r ito n e a l in je c t io n s  a genera l reduction  o f the h istam ine  
conten t o f sk in  and s k e le ta l  m uscle.
(d ) 5“ST secre te d  endogenously in  p a tie n ts  w ith  carc in o id  
tumours appears to  provoke a high urinary ex cre tio n  o f fr e e  h istam ine. 
This may be one o f the mechanisms underlying the flu sh in g  a tta ck s of 
these p a t ie n ts .  The r e la t io n sh ip  o f the urinary ex cre tio n  o f histam ine  
to  a c id  s e c r e tio n  i s  d iscu sse d . (See a ls o  Chapter S ix ) .
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CHAPTER TWO.
The e f f e c t  o f  5-HT on g a s tr ic  secre tio n *
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of w ater balance (Erspamer & O tto len g h i, 1953) and Woolley & Shaw 
(1954) th ink  i t  p lays a part in  cereb ra l fu n ction  and in  normal 
mental p r o c e sse s . Erspamer & Asero (1952) have put forward the  
idea th at 5-HT in  the s p e c i f ic  hormone o f the enterochrom affin  c e l l  
system , or a r g e n ta ff in  c e l l s :  th ese  are c h ie f ly  found in  the alim entary  
t r a c t .  Toh (1954 showed th a t 5-HT i s  con tin u ou sly  produced from the  
stomach w a ll ,  presumably from the a r g en ta ffin  c e l l s  a t th is  s i t e ,  
when the stomach i s  perfused  in  s i t u : he found th at in  the in ta c t  
animal the con cen tration  o f th is  substance in  the p o rta l blood i s  
always h igher than in  any other part o f the vascu lar  system . I t  
seems probable, th e r e fo r e , th at 5~HT has some r e la t io n  to  g a s tr o -  
: in t e s t in a l  fu n c tio n . We have examined fu rth er  the p o s s ib i l i t y  that 
5-HT may in flu en ce  g a s tr ic  s e c r e t io n , p a r tic u la r ly  in  view  o f  i t s  
mucosal d is tr ib u t io n  in  the stomach, and a lso  because as has been 
shown in  Chapter 1 , 5-Hy&ro^ ^ ^ P ^ ami ne ac  ^ as a histam ine r e le a s in g  
su bstan ce.
METHODS
The experim ents were ca rr ied  out on dogs a n a esth etised  w ith  
ch lo ra lo se  2$  (w/v) and urethane 20$ (w /v), 2 m l./u g . being given  
in tra v en o u sly . The anim als were starved  fo r  24-36 hours before s t a r t ­
i n g  an experim ent. An e f f i c i e n t  airway was maintained by p u ttin g  a 
M cGill1s Ho. 10 cu ffed  endotracheal tube in to  the trach ea . Histamine 
and 5~bydroxytryptarnine were given in to  the femoral v e in s  by in fu sio n  
c o n tr o lle d /
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co n tro lled  by a Palm er's Slow In je c t io n  Apparatus. In a few exper­
im e n ts  a f in e  u r e te r ic  c a th e te r  was passed up the fem oral artery  
in to  the abdominal aorta  fo r  in t r a - a r t e r ia l  in je c t io n s .  The g a s tr ic  
cannula, made from g la ss  tubing w ith  a bore o f 2*5 cm ., was in ser ted  
in to  the most dependent part a t the g rea ter  curvature. I t  had a fla n g e  
near the in se r te d  end over which a reta in ed  purse s t r in g  suture was 
t ie d .  The in se r te d  end was covered by a p erforated  g la s s  dome, 
designed to  prevent prolapse o f the mucous membrane or blockage by 
mucus (F ig . l ) .  The abdominal w a ll was c lo sed  round the flan ge  and the  
animal p laced  on a frame to  a llow  drainage o f g a s tr ic  j u ic e .  The 
stomach was washed out w ith  warm is o to n ic  s a l in e ,  and the head placed  
low to  a llow  ex ter n a l drainage o f  s a l iv a .  The secre tio n  from the 
cannula was c o l le c t e d  in  a funnel where i t  was f i l t e r e d  through gauze. 
The gauze was changed every 15 minutes and by w eighing i t '  before and 
a f t e r ,  a rough estim ate  o f mucus output was obtained . The f i l t r a t e  
was c o l le c te d  in  a beaker and the volume measured every 15 m inutes.
A drop tube connected to a Thorp impulse counter was p laced  between 
the f i l t e r  funnel and the beaker, and the rate o f  se c r e tio n  was recorded  
continuously  on a kymograph (F ig . 2 ) .  As shown in  the f ig u r e , th is  
method allow ed exam ination o f  changes in  secre to ry  ra te  not d e tec ta b le  
in  15 minute c o l le c t io n s  o f  ju ic e .  The ju ic e  was t i t r a te d  w ith Topfer’s 
reagent as in d ic a to r  and the a c id ity  expressed  in  m .e q u iv /l. The r e s u lt s  
in  the ta b le s  are given  as averages o f con secu tive  sam ples, each sample 
having/
COLLECTION O f GASTRIC SECRETION
CANNULA
.GAUZE
TO DROP RECORDER
F ig . 1 -  Arrangement fo r  continuous recording o f the rate o f
g a s tr ic  s e c r e t io n . The domed g la s s  cannula a llow s free  
dependent drainage. The ju ic e  leav in g  the cannula i s  
f i l t e r e d  through gauze before reaching the drop recorder  
e le c tr o d e s . This prevents mucus s t ic k in g  to  the e l e c t -  
jrodes and when the gauze, dampened with s a l in e ,  i s  
changed reg u la r ly  the d ifferen ce  in  weight o f the gauze 
giveB a rough estim ate o f mucus output. The drops were 
recorded on a kymograph w ith a Thorp impulse counter.
-  2 2 8  -
Histamine Stimulated Gastric Secretion
T im e  I n t e r v a l  : 3 Q » c c .
F i g .  2 .  C o n t i n u o u s  r e c o r d  o f  t h e  r a t e  o f  g a s t r i c  s e c r e t i o n .
The  t o p  t r a c i n g  i s  f r o m  t h e  T h o r p  i m p u l s e  c o u n t e r  s e t .  
t o  r e c o r d  t h e  n u m b e r  o f  d r o p s  d e l i v e r e d  a t  1 m i n .  
i n t e r v a l s .  T h e  h e i g h t  o f  t h e  v e r t i c a l  l i n e s  i n  mm on 
t h e  o r i g i n a l  r e c o r d  e q u a l s  t h e  n u m b e r  o f  d r o p s / m i n .
T h e  l o w e r  t r a c i n g  i s  a r t e r i a l  B . P .  r e c o r d e d  b y  a  
m e r c u r y  m a n o m e t e r .
I n  t h i s  r e c o r d ,  o b t a i n e d  d u r i n g  a  c o n t i n u o u s  
i n t r a v e n o u s  i n f u s i o n  o f  h i s t a m i n e ,  v a r i a t i o n s  i n  
s e c r e t o r y  r a t e  a r e  s e e n  t o  b e  a s s o c i a t e d  w i t h  c h a n g e s  
i n  a r t e r i a l  B . P .  T h e s e  c h a n g e s  w o u l d  n o t  b e  o b s e r v e d  
i n  15 m in  c o l l e c t i o n s  o f  g a s t r i c  j u i c e .
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having been c a lc u la te d  as t o t a l  output in  m. eq u iv . per 15 min. c o l l ­
e c t i o n  p er io d .
BESTCTLUB
E ffe c ts  o f  5-HT alone on g a s tr ic  s e c r e t io n .
Intravenous in fu s io n s  o f 5-HT a lon e, fo r  periods o f 45-90 m inutes, 
were given  to  four dogs. 5-HT d id  not stim u la te  an ac id  g a s tr ic  secre tio n  
in  any o f  the experim ents. On the other hand, the in fu s io n  was accompanied 
by production o f an a lk a lin e  ju ic e  r ich  in  mucus. The amounts o f th is  
th ick  se c r e tio n  e x p e lled  from the cannula v aried ; in  one experiment i t  
was as much as 47 ml* when 5-HT had been in fu sed  fo r  45 min. a t a concen­
t r a t i o n  o f  10 ug/kg/m in. When a sm aller amount of mucoid secre tio n  was 
ex p e lle d  from the cannula, there was, a t post-mortem, a c o l le c t io n  of 
th ic k , c le a r ,  mucoid, se c r e tio n  poo lin g  over the area of the p y lo r ic  
mucosa and duodenum. As much as 45 ml* mucoid secre tio n  has been 
c o l le c te d  from the p y lo r ic  region a t the end of an experim ent. The 
volume o f the mucus secre tio n  produced in  these experiments was always 
g rea ter  than that found in  4 co n tro l dogs given an aesth esic  a lo n e , fo r  
a s im ila r  p eriod .
At post-mortem, a f t e r  in fu s io n s  o f 5“HT a lo n e , the mucosa o f the 
stomach and in te s t in e s  appeared to  be very pale* (F ig . 3 ) .
E ffe c ts  o f 5-HT on h istam in e-stim u lated  g a s tr ic  s e c r e tio n  in  starved  dogs.
Infused  histam ine a lo n e , in  animals starved  over a period o f a t le a s t  
24 hours, a lw ays/
2 3 0  -
F ig . 3a , which i s  a co lour photograph, shows the excised  stomach 
of a dog given  in fu s io n s  o f 10 ug/kg/min 5-HT. *
F ig . 3b in  con trast i s  from a dog given 5 ug/kg/min histam ine and 
s h o w s  t h e  s t o m a c h  t o  be m a r k e d l y  en gorged .*
* A p p e n d i x .
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always e l i c i t e d  a r is in g  curve o f s e c r e t io n , w ith  the estab lishm ent 
o f a secre to r y  p la tea u  approxim ately ij- hours a f te r  onset o f the 
in fu s io n  (Table l ) ,  When 5—HT was given  fo r  a period o f  30 min* during  
the continuous h istam ineH stim ulated a c id  g a s tr ic  secre tio n  the volume 
and a c id i ty  o f the ju ic e  decreased w ith  a concurrent in crease  in  the  
amount o f mucus produced, A ty p ic a l  example i s  shown in  P ig , 4» In 
th is  p a r t ic u la r  experiment 15 ug/kg/m in o f 5-ET given fo r  30 min, was 
a sso c ia te d  w ith  complete in h ib it io n  o f  the acid  se c r e tio n  and w ith  an 
in creased  exp u lsion  o f mucus. In 12 experim ents (Table 2 ) ,  when 
the in fu s io n  o f 5-HT was s ta r te d  lj--2  hours a f t e r  the onset o f  the  
h ista m in e-stim u la ted  s e c r e t io n , and w hile the output o f a c id  was 
s t i l l  r i s in g ,  in h ib it io n  o f se c r e tio n  was u su a lly  apparent in  the 
f i r s t  15 min, sample a f te r  s ta r t in g  the in fu sio n  of 5-HT and continued  
throughout the in fu s io n  p eriod . Recovery from the in h ib it io n  had 
u su a lly  begun w ith in  60 min. o f stopping the in fu s io n , though in  a  
number o f  experim ents recovery was slow er them t h i s .  The experim ents 
in  Table 3 show th a t two con secu tive  periods o f in h ib it io n  can be 
produced by 5+HT.
The in h ib it io n  o f g a s tr ic  s e c r e tio n  by 5-HT was u su a lly  preceded  
by a sh ort period o f  increased  output o f  j u ic e ,  a phase which in  th is  
group o f  experim ents, ra re ly  la s te d  long enough to  mask the decrease  
in  volume o f the f i r s t  15 min. c o l le c t io n  o f  ju ic e  a f te r  s ta r t in g  the 
in fu s io n . This b r ie f  in crease  o f output o f  ju ic e  was ea s ily  seen on the  
drop/
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Histamine 5/ug /  kgTTmin I
FREE ACID
V O L U M E
M U C U S
15 m i n  C O L L E C T I O N S
F ig , 4* E ffe c ts  o f in fu s in g  5-HT fo r  30 min on h istam ine-  
stim u lated  g a s tr ic  s e c r e t io n . Ordinates: volume 
o f ju ic e  secre ted  (m l/l5  min, open c ir c le s )  concn. 
o f free  a c id  (m -e q u iv /l .,  c lo sed  c i r c l e s ) ,  and 
mucus output ( g / l5  min, h istogram ). H orizontal 
shaded area shows period o f histam ine in fu sio n  and 
v e r t ic a l  shaded area shows period of 5~HT in fu s io n .  
I t  can he seen that the in fu sion  o f 5~HT was a sso c ­
i a t e d  w ith a f a l l  in  both the volume and a c id ity  
o f g a s tr ic  ju ice  and a r ise  in  the output o f mucus.
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drop recorder record (F ig . .5)* In a few experim ents the s t im u la tio n  
was s u f f i c i e n t ly  marked to  in cr ea se  the volume o f  the f i r s t  15 min. 
c o l le c t io n s  o f  a c id  ju ic e .
In th ese  experim ents, where 5-HT has been in fu sed  a lon g  w ith  
h istam in e, the stomach and in t e s t in e s  looked red and engorged a t  p o s t­
mortem. This appearance was in d is t in g u ish a b le  from the c o n tr o l dogs 
which were given histam ine a lon g  (P ig . 3)* In some experim ents, where 
large doses o f  5-HT had been given  along w ith  h istam in e, th ere were 
sm all ero sio n s in  the g a s tr ic  mucosa and the appearance o f submucosal 
haemorrhages in  the sm all in t e s t in e .
E ffe c ts  o f  5-HT given  a t the o u tse t w ith  h istam in e.
When 5-HT was given  by slow  in fu s io n  a t ,  or n ear, the o u tse t o f  
the experiment w ith  histam ine fo r  periods o f 30-45 min 5-HT d id  not 
prevent the onset o f  s e c r e t io n . In th is  group o f  7 experim ents (Table 4 ) ,  
there was i n i t i a l  stim u la tion  o f the ac id  s e c r e t io n , w ith a f a l l  in  a c id  
output occurring between 1-2 hr a f te r  the end o f the 5“HT in fu s io n  in  a l l  
but one experim ent. P ig . 6 shows an experiment in  which an i n i t i a l  5-HT 
in fu s io n  did  not prevent the onset o f h istam in e-stim u lated  se c r e tio n  but 
a subsequent in fu s io n  o f  5-HT produced in h ib it io n . P ig . 7 shows the 
f in d in g s  fo r  s in g le  in je c t io n s  o f  5-HT given in tr a -a r te r ia l ly  in to  the 
th oracic  aorta so th at the 5-HT, a f te r  in je c t io n  in to  th is  s i t e ,  was 
ca rr ied  in to  the upper abdominal a o rta , c o e lia c  a x is  and then to  the 
m ajor/
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Effects of 5 HT on Gastric Secretion
5-HT Infusion Begun : I5 jig /k g /m in.
F i g .  5 i s  i  c o n t i n u o u s  r e c o r d  o f  t h e  r a t e  o f  g a s t r i c  s e c r e t i o n  
( c o n v e n t i o n s  a s  i n  F i g .  2 ) .  T he t o p  t r a c i n g  i s  r e c o r d e d  
b y  t h e  T h o rp  i n p u l s e  c o u n t e r .  I n  t h e  l o w e r  t r a c i n g  t h e  
a r t e r i a l  B . P .  r e c o r d e d  on  a  m e r c u r y  m a n o m e te r .
5-HT w as  i n f u s e d  w h i l e  s e c r e t i o n  w as  s t i m u l a t e d  b y  a  c o n -  
: t i n u o u s  h i s t a m i n e  i n f u s i o n .  T he s e c r e t o r y  r a t e  w a s  s l i g h t l y  
i n c r e a s e d  f o r  a  s h o r t  p e r i o d  a n d  t h e n  f e l l  a l m o s t  t o  z e r o .  
B lo o d  p r e s s u r e  w a s  m i n i m a l l y  a f f e c t e d .
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IVOLUME
FREE ACID
MUCUS 
- 5 9
■4
•3 
•2 
-1
2 4  6  8  10 12 14 16
15 m i n  C O LLEC TIO N S
DOG 12 Kg i
F i g .  6 .  C o n v e n t i o n s  i n  F i g .  1 .  T h e  i n f u s i o n  o f  5-H T g i v e n  a t  t h e  
o u t s e t  w i t h  h i s t a m i n e  h a d  l i t t l e  e f f e c t  on  a c i d  g a s t r i c  
s e c r e t i o n  th o u g h  t h e r e  w e r e  c o n s i d e r a b l e  a m o u n ts  o f  m u c u s  
i n  t h e  j u i c e .  T he s u b s e q u e n t  i n f u s i o n  o f  t h e  sam e a m o u n t 
o f  5-HT w as  a s s o c i a t e d  w i t h  m a rk e d  i n h i b i t i o n  o f  b o t h  
v o lu m e  a n d  a c i d i t y  o f  s e c r e t i o n  a n d  w i t h  a n  i n c r e a s e d  
o u t p u t  o f  m u c u s .
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F ig . 7 . As in  F ig . 2 . A ,B,C, and D are records taken from th e  
same experim ent. 5-HT was given  "by s in g le  in je c t io n s  
in t r a - a r t e r ia l ly .  G astric s e c r e tio n  was h ein g  stim u la ted  
hy a continuous intravenous in fu s io n  o f h istam ine a t  the 
ra te  o f 5 ug/kg/m in.
A. s in g le  in je c t io n  o f 100 ug 5-HT given  5 “In a f t e r  the 
onset o f s e c r e t io n . This had no e f f e c t  on the ra te  of  
g a s tr ic  s e c r e t io n .
B. 100 ug 5-HT given 60 min a f te r  the onset o f  s e c r e t io n  
was a sso c ia ted  w ith  i n i t i a l ,  b r ie f ,  s tim u la tio n  o f  
secre to ry  r a te ,  fo llow ed  by a longer period  o f  in h ib it io n .
C. 50 ug 5-HT given  90 min a f te r  onset o f  s e c r e tio n  a ls o  
produced in h ib it io n .
D. Between C and D both v a g i were cut in  the neck .
100 ug 5-HT given a f te r  vagotomy has very  l i t t l e  e f f e c t  
on the rate o f g a s tr ic  s e c r e t io n .
T “ ~ -1 -” - - ............
140 j  
120- -  
I00--
mm. Hg.
. 5 MINS A F T E R  O N S E T  Q  6 0  M I N S  A F T E R  O N S E TA O F  S E C R E T I O N  D. I O O ^  5 - H T  »/A
l O O ^  5 - H T  i /A ^ 3
Time Intwvol : 3 0  s ee .
9 0  M IN S A F T E R  O N SE T  
5 0 ^  5 - H T  i /A
A F T E R  VAGO TO M Y  
'Oo ^  5 - H T  i/A
T im e Interval  t IQ sec.
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maj©r g a s t r ic  a r t e r ia l  su p p ly . I n i t i a l l y  (F ig . ?A) a s in g le  in j e c t io n  
o f  100 ug 5”®? bad no e f f e c t  on the r a te  o f  s e c r e t io n  evoked by h ista m in e . 
60 min. a f t e r  the onset o f  s e c r e t io n  evoked "by h istam ine 100 u g . 5-HT 
then in h ib ite d  se c r e t io n  (F ig . TB) and 50 u g . 5-BT produced a  pronounced 
e f f e c t  30 s in .  la t e r  (F ig . ?G).
M od ifica tion  o f  the e f f e c t s  o f 5—HT by b i la t e r a l  c e r v ic a l  vagotomy.
In a number o f experim ents, when the secre tio n  was in creased  again  
a f t e r  a p eriod  o f  S-HT induced in h ib it io n ,  both v a g i were cut in  the  
neck and the in fu sio n  o f  5-HT was repeated . Vagotomy in v a r ia b ly  d im in -  
s ish ed , and in  many ca ses  prevented com p lete ly , the in h ib ito r y  e f f e c t  
o f  5~®P on h is  t  amine -stim u la ted  g a s tr ic  s e c r e tio n . A ty p ic a l  experiment 
i s  shown in  F ig . 8 w hile fa b le  5 shows examples from n ine other ex p ert-  
sments. The adm in istration  o f 0 .6  mg. atropine a ls o  ab o lish ed  the in h ib -  
s ito r y  e f f e c t  o f 5-HT. The e f f e c t s  o f  s in g le  in t r a -a r te r ia l  in je c t io n s  
o f 5-HT were a lso  ab o lish ed  by vagotomy (F ig . Us and TX>). The absence  
o f the in h ib ito r y  e f f e c t  a f t e r  vagotomy could not be exp la ined  by 
tachyphylaxis s in ce  su ccess iv e  in je c t io n s  o f 5-HT have s im ila r  in h ib ito r y  
e f f e c t s  on a c id  g a s tr ic  secre tio n  stim u lated  by h istam ine.
DISCUSSION.
5-BT in  these experiments fa i le d  to  stim u la te  an a c id  g a s tr ic  secre to ry  
response. On the contrary, i t  in h ib ite d  the acid  s e c r e tio n  stim u lated  by 
histam ine. I t  i s  w e ll known that many n o n -sp e c if ic  fa c to rs  may in h ib it  
acid  g a s tr ic  se c r e tio n . Of these considerable importance has been
a tta ch ed /
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VOLUME
15 min COLLECTIONS
F i g .  8 .  C o n v e n t i o n s  a s  i n  F i g .  1 .  T h e  f i r s t  i n f u s i o n  o f  5-HT 
p r o d u c e d  n e a r l y  c o m p l e t e  i n h i b i t i o n  o f  b o t h  v o lu m e  a n d  
a c i d i t y  o f  g a s t r i c  s e c r e t i o n .  W hen a  s e c o n d  i n f u s i o n  
w as  g i v e n  a f t e r  b i l a t e r a l  c e r v i c a l  v a g o to u ^ y  t h e r e  w a s  
n o  i n h i b i t i o n  o f  s e c r e t i o n .
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attached  to  nausea, p y rex ia , and v a r ia t io n s  in  g a s tr ic  mucosal blood  
flo w . In our experim ents w ith  a n a esth e tised  dogs, th ere has been no 
evidence o f  p yrex ia . I t  i s  d i f f i c u l t  to  know i f  in h ib it io n  o f  g a s tr ic  
se c r e t io n  by nausea has any meaning in  a n a esth e tised  anim als b u t, 
c e r ta in ly ,  5“HT d id  not produce any retch in g  or vom iting  movements.
Thompson & Vane (1953) have shows th a t the rate o f h istam ine-  
stim u la ted  g a s tr ic  s e c r e tio n  can be v a r ied  by a lte r in g  the ra te  o f  
g a s tr ic  blood flo w . Of the se v e r a l n a tu ra lly  occurring substances  
which have been shown to  in h ib it  g a s tr ic  s e c r e t io n , n oradrenaline, 
adrenalin  Mid vasop ressin  probably a c t in d ir e c t ly  by reducing the 
blood flow  through the stomach, though, on the other hand, urogastrone  
(Gregory, 1955) an<* enterogastrone (Gregory, 195^) have been shown to  
produce in h ib it io n  w ithout blood pressure changes or changes in  lo c a l  
g a s tr ic  blood flow  as estim ated  by mucosal temperature changes.
In h ib ito ry  e f f e c t s  o f 5-HT when produced by slow in fu s io n , are aeeomp- 
sanied by q u ite  sm all blood pressure changes u n t i l  the dose r is e s  above 
20 u g ./k g ./m in . (See F ig . 5 ) . The in h ib ito r y  e f f e c t s  were produced in  
the absence o f p a th o lo g ica l changes in  the g a s tr ic  mucosa. The fa c t  
th a t 5-HT can produce in h ib it io n  o f s e c r e tio n  w ithout marked blood  
pressure changes, and in  the absence of mucosal damage has been taken  
to  mean th at 5-HT probably does not act e n t ir e ly  by means o f  induced  
lo c a l  v a so c o n str ic t io n , and, in  th is  re sp e c t, may be s im ila r  to  urogastrone  
and/
and en tero g a stro n e .
The in h ib it io n  o f  a c id  g a s tr ic  s e c r e t io n  which has fo llow ed  
in fu s io n s  o f 5-HT in  our experim ents has developed p a r tly  on an 
in ta c t  v a g a l innervation* While the v a g a l pathway fo r  e x c ita t io n  
o f  a c id  g a s tr ic  se c r e tio n  i s  known, there may p o ss ib ly  be a s im ila r  
pathway tfbr in h ib ito r y  e f f e c t s .  Code & Watkins on (1955) have shown 
th a t an in ta c t  v aga l in n ervation  i s  n ecessary  fo r  a c id  ap p lied  to  
the duodenal mucosa to  be ab le to  in h ib it  h istam in e-stim u lated  g a s tr ic  
secre tio n *  Schachter (1949)» d iscu ss in g  the a c id  s e c r e tio n  e l i c i t e d  
by c e r ta in  a n a e s th e t ic s , n o tes th at the se c r e tio n  was ab o lish ed  by the  
traum atic procedure o f preparing the g a s tr ic  f i s t u la  and was prevented  
by m anipulation o f  the va g i in  the neck. He considers th at h is  f in d in g s  
are in  agreement w ith  Pavlov (1902) who claim ed that the v a g i contained  
se c r e to x y -in h ib ito r y  f ib r e s  in  i t s  supply to  the stomach and pancreas.
In th is  resp ect i t  i s  o f in te r e s t  to note that 'raecholyl*, a parasym- 
spathomimetic agen t, has been found to  stim u la te  the production o f  an 
a c id  g a s tr ic  ju ic e  fo r  a b r ie f  p eriod , to  be fo llow ed  by a la te r  p©riod 
of in h ib it io n  of a c id  secre to ry  a c t iv i t y  (Wener, Karp & H off, 1948) .
I t  i s  an odd fin d in g  that when 5-HT i s  g iven , a t the beginning, 
along w ith  histam ine i t  f a i l s  to  prevent the onset o f h istam in e-stim u lated  
s e c r e t io n . This su ggests  that there i s  some aspect of the a c id  secre to r y  
in h ib it io n  other than the mere in fu sion  o f 5-HT in  adequate amounts. I t  
may be th at a c r i t i c a l  pH on the surface o f  the g a s tr ic  and p y lo r ic  mucosa
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i s  a n ecessary  prelim inary fo r  the in h ib it io n  to  occur.
Another p o s s ib le  exp lan ation  may be th a t there are vary ing  
r a te s  o f  enzym atic d e stru c tio n  o f  5-HT. The fa c t  th a t th ere i s  
con sid erab le  in d iv id u a l v a r ia t io n  in  s e n s i t iv i t y  to  5-HT in  the  
anim als we have used might be accounted fo r  on the b a s is  o f  
v a r ia t io n s  in  the ra te  o f 5“HT break down. In th is  r e s p e c t , i t  
ought to  be in te r e s t in g  to  compare the e f f e c t s  o f 5-HT w ith  th a t  
o f i t s  p re-cu rso r , the amino a c id  5“Bydroxytryptophan. This su b -  
s stance remains u n a ffected  by am ine-oxidase, which i s  o f wide 
d is tr ib u t io n .  The ad m in istration  o f 5-HTP might lead  to  a general 
in crea se  in  the lo c a l  s to r e s  o f  5“HT and under these circum stances more 
in ten se  e f f e c t s  on ac id  g a s tr ic  se c r e tio n  could be a n tic ip a te d . The 
above experim ents would then bear a more normal r e la t io n sh ip  to  
p h y s io lo g ic a l e v e n ts . 5“HT would be a c tin g  a f te r  lo c a l form ation in  
the t is s u e s  rather than a f te r  intravenous in fu sio n  which i s  e s s e n t ia l ly
a pharm acological method o f approach.
SU1MABY
1. The e f f e c t s  o f 5-HT on g a s tr ic  secre tio n  have been 
examined in  dogs a n a esth etised  w ith  ch lo ra lo se  and urethane and 
prepared w ith  a stomach f i s t u la  and a lig a tu r e  a t the pyloro-duodenal 
ju n ctio n .
2. Intravenous in fu sion  o f 5“HT alone fo r  45 -  90 min. did
n o t /
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not stim u la te  a c id  g a s tr ic  s e c r e t io n  but appeared to  in crea se  the  
production o f mucus.
3 . When an a c id  g a s tr ic  se c r e tio n  was stim u la ted  by a 
continuous intravenous in fu s io n  o f  h istam in e, in fu s io n  o f  5-HT fo r  
30 min. was found to  in h ib it  the s e c r e t io n .
4 . In fu sion  o f 5-RT a t the s ta r t  o f h istam in e-stim u lated  
g a s tr ic  s e c r e tio n  was found to  be le s s  e f f e c t iv e  in  producing 
in h ib it io n  than when given  1-g- -  2 h r . la t e r .
5* When 5-HT was given  a f t e r  b i la t e r a l  c e r v ic a l vagotomy i t  
was found to  be le s s  e f f e c t iv e  in  in h ib it in g  h istam in e-stim u lated  
s e c r e t io n .
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CHAPTER TBinaR.
THE BFKSCT (F HRBOTBSOaS CW 5^HQRQI!TOYPTA1ISB MR HECE8T 
FSEBMG OS GASTRIC SECRBTIGET*
I t  has been shown in  the previous Chapter th a t 5-hydroxytryptaasine 
( 5 - f f l? )  m ay i n h i b i t  t h e  a c i d  g a s t r i c  s e c r e t ! c m  stim u la ted  b y  h i s t a m i n e *  
5 - f f f  i s  destroyed  r a p i d l y  h o w e v e r ,  in  the b o d y  b y  amine o x i d a s e  
(B laschko, 1952f Erspamer, 1955} and ou st b e  f o r m e d  from p r e c u r s o r s *  T h e  
source o f  the precursors i n  t h e  d i e t  i s  t h e  e s s e n t ia l  a m in e  a c id  tr y p to -  
tphan and the pathway o f form ation f o l l o w s  a hydroxylation  s te p  to  
5-hydroxytryptophan ( 5-BTP) and decarboxylation  to  5“ST* (For review  
see U d e n f r i e n d  ,  1958) .
This Chapter d escr ib es  experim ents on the e f f e c t s  o f  5"®  p recu rsors , 
5-BTP and L-tryptophan, and o f  feed in g  on a c id  g a s tr ic  s e c r e tio n  e l i c i t e d  
by in fu s io n s  o f  histam ine*
METHODS
The experiments were carried  out on dogs a n a esth e tised  by a 
so lu tio n  o f eh lo ra lo se  2# (w /v) and urethane 20# (w /v ). This so lu tio n  
was given  in travenously  in  the dose o f 2*5 m l./kg* The animals in  the 
main experim ental group were starved  fo r  24-36 hr, before s ta r t in g  an 
experiment u n less  s ta te d  otherw ise. In a second group, the "fed dogs" 
the normal afternoon meal o f meat was follow ed  by a f in a l  meal o f  
1 p in t o f  milk in  the evening, about 12 hours before experim ent, w ith  
w ater a v a ila b le . A g a s tr ic  cannula was in ser ted  in to  the most depend­
e n t  p a r t/
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part o f the stomach and the con ten ts a llow ed  to  drain spontaneously  
a f t e r  abdominal closu re*  S e c r e tio n  was c o l le c te d  in  a  beaker, the  
volume measured and the a c id ity  determined by t itr a t io n *  The methods 
as d escribed  in  the p rev ious Chapter. Histamine was given  by in fu s io n  
in to  one fem oral v e in  and 5~HTP in to  the o th er fem oral v e in  by 
in fu s io n  co n tr o lle d  by a Palmer’s Slow In je c tio n  Apparatus. L-tryptophan  
was fed  o r a lly  or in fu sed  as an aqueous suspension d ir e c t ly  in to  the 
second part o f the duodenum through a cannula in ser ted  a t th is  s i t e .
B io lo g ic a l assay  o f 5"*HT was performed by the method o f  H alglA esh, 
Toh & Work (1 9 5 3 ). E xtracts  o f p o rta l blood were examined fo r  5“HT, 
the ex tr a c tio n  procedure b ein g  that o f Toh (1954)? the blood samples 
were taken from the dogs which had been starved  for  24-36 hr. and a lso  
from the dogs w ithout prelim inary s ta r v a tio n . The samples o f  p o rta l 
blood were obtained by backflow through a polythene cannula in ser ted  
through the sp le n ic  v e in .
RESULTS
E ffe c ts  o f 5-hydroxytryptophan on h istam in e-stim u lated  g a s tr ic  s e c r e tio n  
in  ajia.esth e t is e d  dogs.
When 5—HIP was given  in travenously  for  a period o f 30 min, during  
continuous h istam ine-stim ulated  ac id  g a s tr ic  se c r e tio n  the most s tr ik in g  
e f f e c t  was f a l l  in  the volume and a c id ity  o f the g u ice .
In fu sion s o f 5-HTP have been given on 22 occasions in  16 dogs 
(Tables 1 & 4 ) .  The f i r s t  e f f e c t  was o ften  a sh o r t- liv e d  stim u la tio n  
o f /
-  2 5 1  -
of a c id  g a s tr ic  secre tio n ,. This i s  d e a r ly  sea s  in  7 ''or the 10 
in fu s io n s  l i s t e d  in  Tables 1 and 2;, in  which the m lu e s  .for the two 
or th ree c c l le c  lions*, a f te r  commencement o f 5*^2® ifeaftesiojiu, may ho 
raised,, in h ib it io n  o f  s e c r e tio n  m s  seen. 30-45 min*. a f t e r  s ta r t in g  
the in fu s io n s  and la s te d  fo r  1-2 hr. ( fa b le s  1 & 2 and Fig-, l ) ,
In Table 1 , 3 experim ents are shows in  which two su ccess iv e  
in fu s io n s  o f 5-2TP have been g iven , The decrease in  the h istam ine— 
induced g a s tr ic  s e c r e tio n  a sso c ia te d  w ith the second in fu sio n  o f  
5-ET? began more rap id ly  than a f te r  the f i r s t  in fu s io n  in  two o f th ese  
experim ents; th is  e f f e c t  i s  a lso  i l lu s t r a t e d  in  the repeat in fu s io n  o f  
Figure ?»
In four experim ents (Table 2) the e f f e c t s  o f were compared
w ith  e f f e c t s  o f 5~ST. In two experintents the in je c t io n  o f 5-HTP 
preceded the in je c t io n  o f 5“®! and the order was reversed in  the eth er  
two. There was a longer la ten cy  before the 5-HTP e f f e c t s  appeared; 
otherw ise the e f f e c t s  o f 5-HT and 5-HTP were s im ila r . (Fig.. 3 ) ,
jvhen 5-HTP was given along w ith  histam ine for  periods o f 30 min, 
at the o u tse t of three experiment (Table 3 ) ,  i t  did  not prevent the  
onset o f secre tio n ; a f a l l  in  acid  output occurred between 1-2 hr. 
a f te r  the end o f  the 5-HTP in fu sio n  in  the f i r s t  two experim ents 
recorded in  th is  ta b le . In the th ird  experim ent, the animal received  
an in fu sio n  o f 15 u g /k g/a in  5-HTP which was fa llow ed  by no s ig n if ic a n t  
p er io d /
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— — ------  mm M10-1
co
u 0-75-_t)
ou
c
E
in
0 - 5 -
>’3cro
E
I 5-HTP 
1 2 0 p q  I  kq 
/m in .70
*0
^  0  25-
o
Hours
P i g .  1 sh o w s  t h e  e f f e c t  o f  i n f u s i n g  5-H T P f o r  3 0  m in .  on  h i s t a m i n e -
s t i m u l a t e d .  g a s t r i c  s e c r e t i o n .  O r d i n a t e s s  t o t a l  a c i d  i n  m . e q u i v .  
A b s c i s s a e :  t im e  i n  h o u r s .  H o r i z o n t a l  s h a d e d  a r e a  s h o w s  t h e  
p e r i o d  o f  h i s t a m i n e  i n f u s i o n  a n d  t h e  v e r t i c a l  s h a d e d  a r e a  t h e  
p e r i o d  o f  5 “ B3T i n f u s i o n .  T he i n f u s i o n  o f  5 ” HTP w a s  a s s o c i a t e d  
w i t h  a  f a l l  i n  t h e  a c i d  s e c r e t e d  i n  r e s p o n s e  t o  h i s t a m i n e ;  i t  
t o o k  p l a c e  a f t e r  3 0  ru in  a n d  l a s t e d  f o r  1 - 2  h r .
-  255 -
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H I S T A M I N E
P i g .  2 sh o w s  t h e  e f f e c t s  o f  tw o  s u c c e s s i v e  3 0  m in  i n f u s i o n s  o f  5 -H T P .
(Sam e c o n v e n t i o n s  a s  i n  P i g .  l ) . T h e  s e c o n d  i n f u s i o n  o f  5-H TP 
a s s o c i a t e d  w i t h  a  m uch m o re  r a p i d  i n h i b i t o r y  e f f e c t .
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H ISTAM INE— 5 ju q /k q /m in .
5-HT
I5*ig/
kq/min
5-HTP 
ISjuq /  
kq/min
2 0  n
lillj
10 -
0  5  -
Hours
F i g ,  3 g i v e s  a  c o m p a r i s o n  o f  t h e  e f f e c t  o f  5-HT a n d  5 -H T P  i n f u s e d  
f o r  30  m in  i n  e a c h  c a s e .  T he i n h i b i t i o n  i s  o f  c o m p a r a b le  
e x t e n t  b u t  t h a t  o f  5 -H T P  i s  s l i g h t l y  d e l a y e d  ( e v e n  a l t h o u g h  
i t  i s  t h e  s e c o n d  i n f u s i o n ) .
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p e r i o d  o f  i n h i b i t i o n ?  i n d e e d  t h e  a c i d  s e c r e t i o n  r o s e  f r o m  0 , 2 8  t o  1 * 8  
m i l l e  e q u i v a l e n t s  d u r i n g  t h e  c o u r s e  o f  t h e  e x p e r i m e n t s .  A l a t e r  i n f u s i o n  
g i v e n  I f -  h r  a f t e r  c e s s a t i o n  o f  t h e  f i r s t  i n f u s i o n ,  w a s  f o l l o w e d  by a  f a l l  i n  
t h e  s e c r e t o r y  o u t p u t  ( f a b l e  3 ,  S o .  3 ) ?  a s  i s  a l s o  sh o w n  i n  F i g .  4 .
I n  s i x  e x p e r i m e n t s  t h e  v a g i  w e r e  c u t  i n  t h e  n e c k  -  e i t h e r  b e f o r e  
s t a r t i n g  t h e  e x p e r i m e n t ,  f o l l o w i n g  t h e  i n f u s i o n  o f  5 -H T P  ( f a b l e  4 ) ( i n  
tw o  i n s t a n c e s  a  p r e l i m i n a r y  i n f u s i o n  ( f a b l e  4 ,  I o s .  5 a n d  6 )  o f  5 -H T P  
cam e f i r s t . )
I t  c a n  b e  s e e n  t h a t  v a g o to m y  d i m i n i s h e d  t h e  i n h i b i t o r y  e f f e c t  o f  
5 -H T P  o n  a c i d  g a s t r i c  s e c r e t i o n .  T h e s e  r e s u l t s  a r e  s i m i l a r  t o  t h o s e  
p r e v i o u s l y  d e s c r i b e d  f o r  5-H T  ( F i g .  5 )»
F o l l o w i n g  e a c h  e x p e r i m e n t  i n v o l v i n g  t h e  i n f u s i o n  o f  5 -H T P  t h e  
s to m a c h s  w e r e  e x a m in e d  p o s t  m o r te m . I n  e a c h  c a s e  t h e r e  w a s  a n  a b s e n c e  
o f  r e t a i n e d  s e c r e t i o n  b u t  t h e r e  w a s  u s u a l l y  a  v a r i a b l e  l a y e r  o f  m u c u s  
l i n i n g  t h e  s to m a c h  w a l l .  S m a l l  a r e a s  o f  h a e m o r r h a g e  a n d  e r o s i o n  w e r e  
o f t e n  s e e n  c o m p a r a b le  t o  t h e  p a t h o l o g i c a l  e f f e c t s  n o t e d  f o r  5-H T  b y  
H e d i n g e r  & V e r a g u t h  ( 1 9 5 7 )  a n d  f o r  5 -H T P  b y  H a v e r b a o k  & B o g d a n s k i  ( 1 9 5 7 )  
w h en  t h e s e  s u b s t a n c e s  w e r e  a d m i n i s t e r e d  s y s t e m i c a l l y .  B lo o d  p r e s s u r e  
c h a n g e s  d u r i n g  t h e s e  e x p e r i m e n t s  w e r e  s i m i l a r  t o  t h o s e  p r o d u c e d  b y  
i n f u s i o n  o f  5 -H T , b u t  t h e  f a l l  o c c u r r e d  a f t e r  a  v a r i a b l e  l a t e n t  p e r i o d  
o f  s e v e r a l  m i n u t e s ?  t h e  l e v e l s  i n  a l l  i n s t a n c e s  r e m a in e d  a b o v e  1 0 0  nan. H g .
E f f e c t s  o f  t r y p t o p h a n  on  h i s t a m i n e - s t i m u l a t e d  g a s t r i c  s e c r e t i o n .
S i n c e  t h e  a r g e n t a f f i n  c e l l s  o f  t h e  a l i m e n t a r y  t r a c t  m ig h t  b e  t h e
o n l y /
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HISTAMI NE —  5 Jug  / k g / m i n
F i g .  4 .  I n f u s i o n  o f  5 -H T P f o r  3 0  m in  a t  t h e  co m m en cem en t o f  t h e  h i s t a m i n e
i n f u s i o n  d i d  n o t  p r e v e n t  t h e  o n s e t  o f  a c i d  s e c r e t i o n ;  a  s u b s e ­
q u e n t  i n f u s i o n  o f  5 -HTP, h o w e v e r ,  p r o d u c e d  t h e  i n h i b i t o r y  e f f e c t .  
( C o n v e n t i o n s  a s  i n  F i g .  l ) .
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HISTAMINE
5 -H T P  
[20 /jq/kq 
/  min
P i g .  5* T h e  a n t i c i p a t e d  e f f e c t  o f  5 -H fP  s h o u l d  h a v e  b e e n  a
m a rk e d  s e c r e t o r y  d e p r e s s i o n  o f  t h e  a c i d  g a s t r i c  s e c r e t i o n  
s t i m u l a t e d  b y  h i s t a m i n e .  A v a g o to m y  w as  c a r r i e d  o u t  a f t e r  
i n f u s i o n  o f  5 -H T P  i n  t h i s  i n s t a n c e  a n d  t h e  s e c r e t o r y  
i n h i b i t i o n  i n d u c e d  b y  t h e  i n f u s i o n  r e m a in e d  v e r y  s m a l l .
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on ly  source o f  5—HTP (se e  Chapter F iv e ) and s in c e  the in t e s t in a l  mucosa 
con ta in s very  large  amounts o f  5-^y<irosytryptophan d ecarb oxy lase , i t  
seems l ik e ly  th at 5-HIP i s  formed there and not merely accum ulated and 
s to r e d . The lik e lih o o d  th a t the a rg en ta ffin  c e l l  f u l f i l  the important 
r o le  o f forming 5-HTP can be deduced from the fa c t  th a t , in  a p a tien t  
w ith  a tumour o f the a r g en ta ffin  c e l l s ,  5-HTP as w e ll  as 5-HT was 
ex creted  in  the urine (see  Chapter 5 ) .  I f ,  as fa r  as 5-HT i s  concerned, 
a r g e n ta ffin  c e l l s  are occupied p r in c ip a lly  w ith  decarboxylation  the 
great in crease  alone o f these c e l l s  in  the carc in o id  tumour s ta t e  would 
not be expected to  in crease the 5-HT output: in  the normal animal t i s s u e ,  
5-hydroxy tryptophan decarboxylase i s  g r e a tly  in  ex cess  and lack  o f  
avai la b le  su b stra te  rather than enzyme i s  the l im it in g  fa c to r  to  h igher  
5-HT production (D a lg lie sh  & D utton, 1957)* As 5“HT output in crea ses  
g r o ss ly  in  the carc in o id  cases i t  has to  be presumed that 5-HTP, formed 
from the precursor L-tryptophan, i s  a p r in c ip a l product o f the argent -  
s a f f in  c e l l s ,  thus providing the necessary  substance fo r  5-HT production  
(se e  Chapter 5)*
On th is  assum ption, that L-tryptophan may be converted to  5-HTP 
in  the a rg en ta ffin  c e l l s ,  we have examined the e f f e c t s  o f L-tryptophan 
on h istam ine-stim ulated  g a s tr ic  s e c r e tio n , and, because o f i t s  presumed 
conversion lo c a lly  in  a rg en ta ffin  c e l l s ,  the L-tryptophan was given in to  
the alim entary t r a c t .  The L-tryptophan was given in to  the duodenum o f  
starved  dogs in  three experiments about 3 hr before the estab lishm ent 
o f /
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of se c r e tio n  by histam ine 5 in  another two experim ents the L-tryptophan  
was given o r a l ly  in  d iv id ed  doses over the preceding 12 h r. The r e s u lt s  
o f  th ese  experim ents are shown in  Table 5»
In the f i r s t  three experim ents the secre to r y  output rose fo r  1 hr 
a f t e r  the s ta r t  o f histam ine in fu sio n  but f a i le d  to  be m aintained. The 
s e c r e tio n  f e l l  between 1- 2-g- hr and began to  show recovery between 
and 3 hr. In the fourth  experiment the t o t a l  acid  output was never 
high but increased  up to  1-^ - hr and then decreased u n t i l  a t 3 hr. there  
was no a c id  se c r e tio n  a t a l l .  In the f i f t h  experiment there was a 
marked delay in  the secretory  response which was not f u l ly  e l i c i t e d  
t i l l  2-g- hr had e lap sed . We should have expected w ith  starved  dogs, 
re c e iv in g  continuous intravenous in fu sio n s  o f h istam ine, continuous 
se c r e tio n  fo r  a t le a s t  4 hr. (see  below ).
The e f f e c t  o f recen t feed in g  on (a) the a c id  g a s tr ic  secre to ry  response  
to  histam ine and (b) the concentration  o f 5-HT in  the p o rta l b lood.
(a ) I t  can be shown that in  animals which have not been starved  there  
i s  a f a l l  in  the acid  secre to ry  response to  h istam ine. When h istam in e-  
stim u lated  a c id  g a s tr ic  secre tio n  i s  stu d ied  in  dogs starved  fo r  24-36 hr 
before experiment a ty p ic a l secre to ry  p la teau  i s  observed. This i s  
i l lu s tr a te d  in  the r e su lts  of 10 experim ents, shown in  Table 6 .
I t  should be noted that between the end of the operative, procedures 
and the s ta r t  of the histam ine in fu sion  no acid  g a s tr ic  ju ic e  was 
secre ted  by any of the dogs. Once the histam ine in fu sio n  was s ta r te d ,  
i t  was continued a t a constant r a te .
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In a l l  experim ents acid  g a s tr ic  se c r e tio n  “began w ith in  -g h r. o f  
s ta r t in g  the in fu sio n  o f histam ine and the output o f a c id  in creased  
rap id ly  fo r  lg  hr. Between lg —2 hr. a f te r  the s ta r t  o f  the histam ine  
in fu s io n , the output o f ac id  rose more slow ly  in  the m ajority o f the  
experim ents; in  experiment 2 , a p lateau  was reached a t 1 . hr, and in  
experiment 10 a s l ig h t  f a l l  in  secre tio n  occurred at 2j? hr. Between 
2g-3 h r , a f a l l  in  secre tio n  was seen in  most experim ents. This f a l l  
was never more than 22^ o f the previous maximum output. I t  appears 
from th ese  r e s u lt s  th at the output o f h istam ine-stim ulated  a c id  g a s tr ic  
ju ic e  in  p rev iou sly  starved , an a esth etised  dogs, w ith  in ta c t  v a g i,  
approximates to  a steady s ta te  Between lg -3 g  hr. a f te r  the s ta r t  o f the 
histam ine in fu s io n .
When h istam in e-stim u lated  acid  g a s tr ic  secre tio n  i s  stud ied  in  dogs j
fed  in  the 12 hr period before experim ents, acid  g a s tr ic  se c r e tio n  i s  
not m aintained. The r e s u lts  o f 9 experiments are shown in  Table 7* As in  the! 
previous s e r ie s  no acid  g a s tr ic  ju ic e  was secre ted  during the period  
before the s ta r t  o f the histam ine in fu s io n . Once s ta r te d , the histam ine  
in fu s io n  was continued a t a steady r a te .
In a l l  experim ents, acid  g a s tr ic  secre tio n  began w ith in  g- hr. o f  
s ta r t in g  the histam ine in fu sio n  and increased  rap id ly  fo r  1 hr. Between
1-J- hr a f te r  the s ta r t  o f the histam ine in fu s io n , the output of acid  
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f e l l  in  a l l  experim ents* This f a l l  in  acid  output became very  marked 
between 2-3 h r , and no g a s tr ic  ju ic e  was secre te d  in  any o f  the  
experim ents between 3—3^ hr a f t e r  the s ta r t  o f the continuous histam ine  
in fu s io n . The se c r e tio n  o f an acid  g a s tr ic  ju ice  did not return in  
two experim ents which were continued fo r  4 hr.
(t>) The d iffe r e n c e  that has been observed between fed  and starved  dogs 
in  th ese  experim ents could be re la ted  to  in h ib it io n  of h istam in e-  
stim u la ted  a c id  s e c r e tio n  by 5-HT released  lo c a l ly .  S tacey  & S u lliv a n  
( 1957) have shown th a t a high p rotein  intake in creases 5-HT s to r e s  in  
the w a ll o f  the in t e s t in a l  t r a c t .  On the b a s is  th at 5-HT may be re lea sed  
from th is  s i t e  we have examined the 5-HT le v e ls  in  the p orta l blood o f  
fed  dogs. The p o rta l blood o f fed  dogs had more 5-HT than the p o rta l 
blood from dogs starved  24-36 hr. The va lu es given by Toh (1954) fo r  
starved  dogs were a ls o  o f a lower order (Table 8 ) .
Levels o f  5-HT were a ls o  examined in  fed  dogs given histam ine by 
in fu s io n . Repeated blood samples were u su a lly  taken, one a t  one hour 
when se c r e tio n  had reached peak le v e ls  and a second a t two hours, when, 
in  fed  dogs, considerab le in h ib it io n  o f acid  secre tio n  had been found. 
Examination o f repeated p o rta l blood samples showed no evidence o f  
p rogressive  change in  5-HT con cen tration .
DISCUSSIQf
The e f f e c t s  o f  5-HTP on histam ine-induced g a s tr ic  se c r e tio n  are 
s im ila r  to  the e f f e c t s  o f 5-HT ex cep t, 5-HTP o cca sio n a lly  appears to  
in c r e a s e /
-  270 -
in crea se  g a s tr ic  s e c r e tio n  as i t s  f i r s t ,  though tra n sien t a c t io n  and 
th a t when i t  does ev en tu a lly  in h ib it  acid  g a s tr ic  s e c r e tio n  i t  does 
so  a f t e r  a longer in te r v a l .  I t  may be in ferred  that 5-HTP mainly 
a f f e c t s  g a s tr ic  se c r e tio n  a f te r  conversion to  5—HT. The precursor  
of 5-HTP and o f 5-HT, L-tryptophan i t s e l f ,  ra re ly  produced an e f f e c t  
on the g a s tr ic  se c r e tio n  evoked by histam ine comparable to  the e f f e c t  
of 5-HT. I t  must be remembered th at o f adm inistered tryptophan as 
l i t t l e  as 1% i s  converted  to  5-HTP and 5-HT (Sjoerdsma, Weissbaoh & 
U denfriend, 1956). Recent feed in g  caused in  the experiments already  
recorded, a marked f a l l  in  the a c id  secre tio n  e l i c i t e d  by h istam ine. 
Although th is  f a l l  may be the r e s u lt  o f cany fa c to r s ,  i t  i s  tem pting  
to  sp ecu la te  that the d ec lin e  of a c id  g a s tr ic  secre tio n  evoked by 
in fu s io n  o f histam ine in  recen tly  fed  dogs i s  due to  re le a se  o f 5-HT. 
Toh (1954) has described  how 5-HT i s  co n tin u a lly  being re leased  in to  
the p o r ta l blood stream . Furthermore, he has described  a substance  
capable o f r e le a s in g  5-HT (1957) from the w a ll o f the g a s tr o in te s t in a l  
t r a c t .  In the present experiments in  recen tly  fed  dogs the le v e ls  o f  
5-HT in  p o rta l blood were h igher in  fed  than in starved dogs. S tacey  & 
S u lliv a n  (1957) have shown that feed in g  ra ised  the le v e l  o f 5-HT in  the  
w a ll o f the in t e s t in a l  t r a c t .  I t  may be that i t  i s  th is  f r a c t io n ,  
acquired from precursors in  the d ie t ,  which i s  resp on sib le  fo r  the 
added amounts o f  5-HT in  the p orta l blood o f fed  animals and fo r  the 
f a l l  o f a c id  secre tio n  in  the same animals in  response to  in fu sed  
h istam in e/
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h istam in e; the f a l l  in  acid, se c r e tio n  in  the fed  anim als occurs a t  
about 2 hours, which i s  approxim ately the same time taken fo r  the 
d ec lin e  in  a c id  s e c r e tio n  when 5-HTP i s  given a t  the same time as 
h istam in e.
The a rg en ta ffin  c e l l s  may be the so le  s i t e  o f formation of 
5-HTP (se e  Chapter F iv e ) .  A c t iv ity  of these c e l l s  in  the g a stro ­
i n t e s t i n a l  tr a c t  would lo c a l ly  in crease  the t is s u e  s to res  o f 5-HT} 
on the o th er hand, se c r e tio n  of 5-HT from these c e l l s  in to  the b lood­
stream could be expected to  in flu en ce  5-HT concentration  in  the t i s s u e s .  
R elease o f 5-HT in  or from the a rg en ta ffin  c e l l  could in flu en ce  g a s tr ic  
se c r e tio n  e ith e r  through a predominantly r e s tr ic te d  lo c a l e f f e c t  on 5-HT 
l e v e l s ,  or v ia  a gen era l e f f e c t  on 5“HT le v e ls  in  various t is s u e s  a f t e r  
general hormonal re lea se  o f 5-HTP. One important s i t e  that might be 
in flu en ced  in  th is  way i s  a cen tra l one, i f  there i s  a cen tra l in h ib ito r y  
mechanism fo r  the co n tro l o f g a s tr ic  se c r e tio n .
In conscious dogs equipped w ith  Heidenhain (v a g a lly  denervated) 
pouches, (Haverback, Bogdanski & Hogben ( 1958) have found an in h ib ito r y  
e f f e c t  o f 5-HTP on the spontaneous s e c r e t io n , the secre tio n  e l i c i t e d  by 
hypoglycemia and ch o lin e r g ic  su bstan ces, but not by h istam ine. In view  
of the fa c t  th at in  a l l  our experiments we have found that the 
in h ib ito r y  e f f e c t s  o f 5-HTP and 5-HT were p artly  dependent on an in ta c t  
vagal innervation  i t  must be presumed that these substances were capable 
of in flu en c in g  a c e n tr a l s i t e  fo r  the con tro l o f g a s tr ic  s e c r e t io n .
T h is /
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This cou ld  take p lace d ir e c t ly  or v ia  r e f le x e s ,  p o ssib ly  w ith  in go in g  
f ib r e s  in  the vagus and w ith  in h ib ito r y  e ffe r e n t  f ib r e s  in  the vagus 
as p o stu la ted  by Pavlov (1902) or in  the sym pathetic nervous supply  
to  the stomach i t s e l f ,
SUMMARY
1. Intravenous in fu s io n s  o f 5-HTP were follow ed  by a f a l l  in  the 
output o f h istam in e-stim u lated  g a s tr ic  secre tio n  in  a n a esth e tised  
dogs. O ccasionally  5-HTP stim ulated  acid  g a s tr ic  secre tio n  fo r  a 
sh ort time as i t s  f i r s t  a c t io n . The e f f e c t s  o f 5"*HTP were s im ila r  
to  those o f 5-HT except that they occurred a f t e r  a longer la te n t  
p eriod .
2 . In p rev io u sly  starved  an a esth etised  dogs feed in g  w ith  tryptophan  
before the s ta r t  o f an experiment led  to  a f a l l  in  acid  output 
between 1-3 hours a f t e r  the onset of h istam ine-stim ulated  s e c r e t io n .
3 . The 5-HT le v e ls  in  p orta l blood were found to  be higher in  fed  than 
in  starved  dogs, but the le v e ls  did not increase a f te r  in fu sio n  o f  
histam in e. The a c id  secre tio n  e l i c i t e d  by histam ine in fu s io n s  in  
r e c e n tly  fed  dogs was le s s  in  amount than that o f dogs which had 
been starved  over 36 hours. Local increase in  5-HT concentration  
in  the w a ll o f g a s tr o in te s t in a l t r a c t ,  w ith re lea se  o f 5-HT in to  
the p o r ta l blood stream , could account fo r  th ese  f in d in g s .
CHAPTER POUR.
The mechanism o f the in h ib ito r y  e f f e c t  o f 5-hydroxy 
jtryptamine on ac id  g a s tr ic  s e c r e tio n .
-  273 -
CHAPTER FOUR.
The mechanism o f the in h ib ito r y  e f f e c t  o f 5-Hydroxy-  
:tryptam ine on acid  g a s tr ic  s e c r e tio n .
In the previous two chapters we have described  the e f f e c t s  o f  
5HT and 5BTP on the acid  g a s tr ic  se c r e tio n , stim u la ted , in  the dog, 
by h istam ine. The c en tra l p o s it io n  in  the in h ib ito r y  e f f e c t s  d escrib ed  
in  th ese  chapters would appear to  be occupied by 5HT, sin ce  i t  a c ts  
promptly; 5&TP a c ts  only a f te r  a la ten cy , su ggestin g  in terconversion  
to  5HT. Recent feed in g  and adm inistration  o f L-tryptophan were a lso  
found to  ex er t in h ib ito r y  e f f e c t s  on acid  g a s tr ic  se c r e tio n .
We have d iscu ssed  the p o s s ib i l i t y  that previous feed in g  and 
consumption o f L-tryptophan and 5HTP may enrich  the 5HT s to r e s  in  the 
pyloroduodenal mucosa. 'Well known in h ib ito ry  mechanism of acid  g a s tr ic  
s e c r e t io n , such as the contact on the p y lor ic  a n tra l mucosal w ith  a c id ,  
might in vo lve  re le a se  of 5®-1 i n the mucosa. Code and Watkins on (1955) 
showed th at a p p lica tio n  o f acid  to  the duodenal mucosa in h ib ite d  h istam in e-  
stim u lated  acid  g a s tr ic  secre tio n ; the vagus nerves had to  be in ta c t  fo r  
these in h ib ito r y  e f f e c t s .  S ince the in h ib ito ry  action  o f JET was somewhat 
dim inished by d iv is io n  o f the vagus nerve, i t  might be the case that a 
substance such as th is  could be re leased  and by lo c a l a c t iv i t y  stim u late  
vaga l a ffe r e n ts  when the acid  concentration in  the pyloroduodenal area  
r i s e s .
Many/
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Many o f the v a scu la r  and resp ira tory  e f f e c t s  o f 5HT are known 
to  he produced by stim u la tio n  o f receptors in  the heart and lungs 
and th e ir  vaga l a f fe r e n ts  (Dawes and Comroe, 1954)* S tretch  recep tors  
s e n s i t iv e  to  have been described  in  the p y lo r ic  region by P a in ta l
(1954)> and Iggo (1957) has described  vagal a ffe r e n ts  in  the same region  
a c tiv a te d  by extremes o f pH. I t  i s  conceivable that the 5HT e f f e c t s  on 
g a s tr ic  s e c r e tio n  are the r e s u lts  o f a r e f le x  mechanism in v o lv in g  
a ffe r e n t  a c t iv i t y  in  the vagus n erve, conducted to a cen tra l s i t e  from 
which in h ib ito r y  in flu en ce s  could be brought to  bear on the stomach.
Go. the outgoing s id e ,  th ese  might be mediated v ia  the splanchnic nerves  
and the sym pathetic v a so co n str ic to r  f ib r e s  to the stomach, or in  vagal 
in h ib ito r y  f ib r e s  envisaged  by Pavlov (1902).
I t  must be adm itted that we have no p rec ise  anatomical knowledge 
of th ese  pathways. N everth eless the mechanism i t s e l f  has been in v e s t ­
ig a t e d  as fo l lo w s : -
Experiments have been performed
a) in  which ac id  contact w ith  the pylorus has been prevented by 
p la c in g  a lig a tu r e  a t the mid point of the stomach. The " in h ib ito ry ” 
e f f e c t  of recen t feed in g  011 histam ine stim ulated  acid  g a s tr ic  secre tio n  
has been examined under these co n d itio n s.
b) were the " inhib itory"  e f f e c t  o f recent feed ing  dependent on a 
lo c a l  m ediator e l i c i t i n g  a c t iv i t y  in  a fferen t vaga l f ib r e s ,  the in h ib ito r y  
e f f e c t  might, l ik e  the 5HT e f f e c t ,  be reduced by vagal s e c t io n .
c ) /
-  275 -
c )  A fferen t a c t iv i t y  in the vagus nerves can "be e l i c i t e d  by
the ad m in istra tion  o f phenyl-d i-guanid ine and by v era tr in e  (Dawes, 1954); 
the ad m in istration  o f these compounds r e su lt  in  profound r e f le x  changes 
in  the c ir c u la t io n .  vVere the in h ib ito r y  a ctio n s of acid  on the pylorus  
or o f recent feed in g  dependent on a fferen t nervous a c t iv i t y ,  th ese  
compounds might have e f f e c t s  on acid  g a str ic  secre tio n  such as may 
fo llo w  the ad m in istration  o f 5HT, which shares the property o f  s t im u l-  
:a t in g  vaga l a f fe r e n ts .
d) In view  of the p o ss ib le  in h ib ito ry  f ib r e s  in  the vagus n erv es , 
and the fa c t  th at the in h ib ito r y  e f f e c t  of 5HT was reduced on se c t io n  
o f the vagus n erve, the e f f e c t s  of 5HT have been stud ied  on g a s tr ic  
se c r e tio n  produced by one o f the substances which mimic vaga l a c t iv i t y  
through th e ir  parasympathomimetic a c tio n .
METHODS.
A ll  dogs, on adm ission to  the animal house, were put on a standard  
d ie t  o f 1 p in t o f milk in  the morning follow ed by a s in g le  meal o f  meat 
in  the even ing, w ith  water a v a ila b le  at a l l  tim es. The dogs were d iv ided  
in to  two groups. Group 1 : "starved1* dogs. These animals were not given  
any food on the day before an experiment but water was a v a ila b le .
Group 2 : "fed11 dogs. These animals were not starved  the day before an 
experim ent. In ad d ition  to  the normal d a ily  d ie t  o f milk and meat, an 
extra  p in t o f milk was given in  the evening about 12 hr before an exper­
im e n t . These animals were used in the experiments exp loring  the e f f e c t s  
o f /
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o f a c id  spread on the pylorus and vagotomy on the in h ib it io n  produced 
by recen t feed in g .
Operative procedure. The dogs were an aesth etised  w ith  ch lo ra lo se  7$  
(W /V ) and urethane ( w / v )  given 2  ml/kg in traven ou sly . The r igh t 
fem oral v e in  was cannulated and connected to a Palmer's Slow In je c tio n  
apparatus fo r  the constant intravenous in fu sio n  o f  h istam ine. An 
e f f i c i e n t  airway was maintained and in  some experiments both vagus 
nerves were exposed in  the neck and prepared w ith loops o f thread fo r  
subsequent s e c t io n .
The abdomen was opened w ith  a l e f t ,  su b co sta l, m u sc le -sp lit t in g  
in c is io n  and the pyloro-duodenal junction was gen tly  occluded w ith a 
l ig a tu r e  o f w hite cotton  tap e. In sev era l experiments the s i t e  o f th is  
lig a tu r e  was varied  (see  R esu lts ( a ) ) .  A g la ss  cannula was t ie d  in to  
the body o f the stomach, near the greater curvature. In almost a l l  
dogs, in c lu d in g  the "fed" dogs, the stomach was found to  be com pletely  
empty: in one or two dogs, d eb r is , such as masses o f straw or wood 
c h ip s , were found. The abdominal wound was c losed  around the cannula 
and the animal then suspended on a frame to  allow  free  drainage through 
the cannula. The stomach was washed out w ith warm iso to n ic  s a lin e  given  
by a stomach tube passed down the oesophagus. The head was kept very  
low to  a llow  fr e e  ex tern a l drainage o f sa liv a  and pharyngeal mucus. 
L a stly , a thermometer was put in  the rectum and the animal kept warm 
w ith /
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w ith  r§diant h ea t.
A fter  the preparation  ju st  described  the animal was l e f t  u n d is-  
: turbed fo r  approxim ately an hour before the histam ine in fu s io n  was begun. 
During th is  p er io d , f lu id  from the cannula was c o lle c te d  and te s te d  for 
the presence o f fr e e  a c id . Histamine acid  phosphate was then given a t  
the ra te  o f 5 ug/kg/m in, ca lcu la ted  in  terms of the base, made up in  
s t e r i l e  s o lu t io n . Once the histam ine in fu sio n to s  begun, the g a s tr ic  
ju ic e  was c o l le c te d  every 15 min and i t s  volume measured in  a graduated 
c y lin d e r . 'The concentration  o f free  acid  in  the ju ic e , expressed in  
m .e q u iv /l. was estim ated  by t i t r a t io n  w ith u /20  HaOH, using T opfer's  
reagent as in d ic a to r  and the output o f free  a c id  was expressed as 
m .equiv/1 5  min. The fig u res  in  the ta b les  are averages o f two con secu tive  
c o l le c t io n  periods each of 15 min. V eratrine was in fused  as the su lphate  
in  a concentration  o f 20 ug/k^/min; phenyldiguanide was in fused  in  the  
same co n cen tra tio n , as was the u rech o lin e. (Dr. G. Dawes k ind ly  provided  
the phenyld iguanide).
RESULTS.
a) E ffe c ts  o f  v a r ia tio n s  in  the s i t e  o f the p y lor ic  lig a tu r e  on the
in h ib it io n  of h isfam ine—stim ulated  acid  g a str ic  secre tio n  o f rec en tly  
fed  a n a esth e tised  dogs.
In the experim ents described  in  chapters 2 and 3 , a lig a tu r e  was 
app lied  a t the pyloro-duodenal junction  to prevent contamination o f the
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g a s tr ic  ju ic e  w ith  regu rg ita ted  duodenal co n ten ts . This p y lo r ic  
l ig a tu r e , however, d id  not prevent the acid  ju ice  from the body o f  
the stomach from reaching the mucosa o f the p y lor ic  antrum. To 
prevent th is  con tact the tape lig a tu re  was t ie d  a t the junction  
between the p y lo r ic  antrum and the body of the stomach. (S ite  B P ig . l ) .  
The p o s it io n  fo r  the lig a tu r e  could only be te n ta t iv e ly  estim ated  a t  
the s ta r t  o f the experim ent: i t s  p o s itio n  was checked post-mortem.
As judged by the d if fe r e n t  appearances of an tra l and body mucosa 
(checked h is t o lo g ic a l ly  in  one experim ent), the lig a tu r e  had been 
ap p lied  very  c lo se  to  the antral-body junction  in  four experim ents: 
in  another fou r experim ents the lig a tu r e  had been applied  between
2-4 cm on the a n tra l s id e  o f the ju n ction . (S ite  A, P ig . l ) .  The 
r e s u lt s  o f th ese  e ig h t experiments are shown in  th is  f ig u r e .
In the four experim ents where the lig a tu re  lay  on the a n tra l s id e  
o f the antral-body ju n ctio n , marked in h ib it io n  o f acid  secre tio n  (shown 
on the graph by the downward curve of the heavy l in e s )  occurred between 
lg^ -2-g- hr. On the con trary , w ith the lig a tu r e  c lo se  to the antral-body  
ju n ction  in  the other three experim ents, the secre tion  was maintained  
at r e la t iv e ly  high le v e ls  between Ig- -  2-g- hr. (shown by the graph of 
p lateau  appearance in  dotted  l in e s ) ,  although a f a l l  in  secre tio n  can 
be seen in  one experiment a t 2§ hr.
b) E ffe c ts  o f b i la t e r a l  c e r v ic a l vagotomy on the in h ib it io n  o f h istam in e-  
stim u lated  a c id  g a s tr ic  secre tio n  o f recen tly  fe d , a n aesth etised  dogs.
B i la t e r a l /
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P ig . 1 . Acid se c r e tio n  evoked by continuous in fu sion  o f 5 ug/kg/inin
histam ine in  fed  dogs. Ordinates: to ta l  acid  output m. equ iv . 
in  15 min c o l le c t io n  p er iod s. A bscissae: duration of 
experiment in hours.
In se t  shows p o s itio n  of lig a tu r e s :  a t A, a lig a tu r e  was 
placed in  the mid p y loric  antrum.
At B a lig a tu r e  was placed at the junction  between the 
body o f the stomach and the sntrum.
When the lig a tu r e  was a t s i t e  A the acid  secre tion  f e l l ;  
when acid  was prevented by lig a tu re  B from en tering  the 
antrum an undiminished p lateau  of ac id  secre tio n  was 
maintained
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B ila te r a l  c e r v ic a l  vagotomy was carried  out in  four experim ents 
as part o f the operative procedures preceding the s ta r t  o f the 
histam ine in fu s io n . These dogs were fed  w ith milk during the 12 hr 
pre —op erative  period  , as in  the previous group. The r e su lts  are  
shown in  Table 1.
In th ese  experim ents, the output of acid  increased  rap id ly  during 
the f i r s t  lijr hr. o f the histam ine in fu sion  and then approximated to  a 
stead y  s ta te  between l g  — 2g hr. The pattern o f response to  histam ine  
in  the fe d , vagotom ised dog appears to  be s im ila r  to  that in  the 
sta rv ed  dog w ith  in ta c t  v a g i, in  that a ’’plateau" of secre tio n  i s  
e l i c i t e d .
In another 6 experim ents, shown in Table 2 , b ila te r a l  c e r v ic a l  
vagotomy was ca rr ied  out during the in h ib itio n  of h is t  am ine-stim ulated  
s e c r e tio n  seen in  rec en tly  fed  dogs. Complete in h ib it io n  o f s e c r e tio n  
had not occurred in  the f i r s t  three of these experiments when the vag i 
were c u t . The a c id  secre tio n  increased in a l l  these experiments (Mo. 1 ,2 ,  
and 3 , in  Table 2) a f te r  the vagotomy. However, in  another three  
experim ents, (Ho. 4 ,  5 & 6 , in  Table 2) when vagotomy was done during  
complete in h ib it io n ,  there was no s ig n if ic a n t  return o f secre tio n  a t  
the end o f an hour.
c )  E ffe c ts  o f phenyldiguanide and v era tr in e  on acid  secre tio n  stim u lated  
by histam ine in  starved  dogs.
5HT in  low concentration  e l i c i t s  chem oreflex a c t iv i t y  (Dawes and 
Comroe, 1954)* /
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P a in ta l (1954) lias shown that 5HT stim u lates a fferen t nervous d ischarge  
from recep tors loca ted  in  the stomach w a ll and that i t  i s  in  th is  
resp ect the most powerful substance of sev era l te s te d . An attempt 
was made to  determine whether other substances such as v era tr in e  and 
p h en yl-d igu an id e, as w e ll as 5HT, a l l  e l i c i t i n g  chem oreflex a c t iv i t y ,  
would have in h ib ito iy  p rop erties on ac id  g a s tr ic  s e c r e tio n .
In Table 3 the in h ib ito r y  e f f e c t  o f veratr in e may be observed 
to  la s t  as long as the 30 minute in fu sion  period in  each o f three  
experim ents; a rapid recovery took place a f te r  cessa tio n  o f  the 
in fu s io n . The in h ib ito r y  e f f e c t  of th is  compound was g rea tly  dim in- 
sished  by vagotomy. Figure 2 shows an experim ental record obtained  
during the in fu sio n  o f v era tr in e  w hile recording the secretory  ra te  
by a llow in g  the g a s tr ic  ju ic e  to  flow  as drops across the poin ts of 
a record ing u n it which i s  a c tiv a te d  by each drop. The tracing  recorded  
on the smoke drum shows a f a l l  in  the number o f drops per minute when 
v era tr in e  i s  in fu sed  during constant stim ulation  by h istam ine. I t  a ls o  
shows that the in h ib ito r y  e f f e c t  i s  diminished by vagotony.
S im ila r  f a l l s  o f short duration in  the acid  secre tio n  e l i c i t e d  by 
histam ine were observed in  two dogs fo llow ing  a th ir ty  minute in fu sio n  
o f phenyl-diguanide; the diminution in secre tio n  was not observed a fte r  
vagotomy. (Table 4 ) .
d) E ffe c t  o f  5HT on parasympatho—mimetic stim ulation  of g a s tr ic  secre tio n
U recholine was in fu sed  in  four dogs to stim ulate parasympathetic 
a c t iv i t y /
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F ig . 2 shows the e f f e c t  o f vera tr in e  in fu sio n  on the ra te  o f  
s e c r e tio n  evoked by histam ine in fu s io n . The record has 
been taken before and a f te r  the performance o f vagotomy 
in  the neck.
Before vagotomy: The upper tracing  i s  a record o f
resp ira tio n  obtained by means o f a 
stethograph around the mid thorax 
operating a f lo a t  recorder w ritin g  on 
a smoked drum.
The middle tra c in g  shows a diminished secretory  rate  
fo llo w in g  the in fu sio n  o f veratrine (note the period o f  
resp ira to ry  stim u lation  a t th is  p o in t) . There i s  an
in crease  in  secre tio n  when the veratrine in fusion  ends.
The lower tracin g  i l lu s t r a t e s  the blood
: : pressure le v e ls  during the experiment.
A fter  vagotony:
The in fu sio n  o f v era tr in e  i s  follow ed by l i t t l e  or nc 
change in  r e sp ir a tio n , secretory  rate or blood pressure.
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a c t iv i t y  p erip h era lly*  Continuous in fu s io n  o f  t h is  substance  
(20 ug/jcg/min) was found to  stim u la te  an ao id  g a s tr ic  s e c r e t io n  
which soon reached p la teau  le v e ls  (Table 4 )* 513? was in fu sed  fo r
30 minutes a g a in st th is  background lead ing  to  a f a l l  in  a c id  se c r e t io n  
la s t in g  fo r  about 1 hour, as was the case w ith  histam ine in fu sio n s*
DISCUSSIOR.
Increased sym pathetioo-adrenal a c t iv i t y ,  r e le a se  o f  en tero g a stro n e , 
and the presence of acid  in  the antral-duodenal area are w e ll  known 
mechanisms o f  g a s tr ic  secre to ry  in h ib it io n . I t  i s  d i f f i c u l t  to  uader- 
sstand how shorten ing the s ta rv a tio n  period could in crease  sym pathetioo- 
adrenal a c t iv i t y  or the re lea se  o f en terogastrone. However, the e f f e c t s  
o f  vagotomy and of the s i t e  o f the a n tra l lig a tu r e  suggest th a t an 
H C l-inh ib itory  mechanism i s  a t work. Code & Watkinson (1955) have shown 
th at the va g i must be in ta c t  i f  a p p lica tion  o f HC1 to  the duodenal 
mucosa i s  to  in h ib it  h istam ine-stim ulated  acid  g a s tr ic  s e c r e t io n . Acid 
app lied  to  the mucosa o f the p y lo r ic  antrum can in h ib it  a c id  g a s tr ic  
secre tio n  e l i c i t e d  by l iv e r  homogenates (Woodward, Iyon, Landor, & 
D ragsted t, 1954) and by methacholine (Kim, 1955)* It has been shown 
(P incus, Thomas, & E ehfuss, 1942) that a c r i t i c a l  intraduodena 1 pH i s  
necessary to  evoke in h ib it io n  and Sokolov ( 1904) showed that the anim al' s 
own g a str ic  ju ic e  was e f f e c t iv e .  I t  i s  a ttr a c tiv e  to  imagine th a t, in  our 
experim ents, the in creasin g  a c id ity  of the g a s tr ic  ju ic e  brought about 
in h ib it io n  o f secre tio n  in  sp ite  o f the continued in fu s io n  o f h istam ine.
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But such in h ib it io n  took p lace only in  dogs which had been fe d  
w ith in  12 hours o f the experim ent. Bogs which had been starved  fo r  a t  
le a s t  24 hr do not show th is  in h ib it io n .(S e e  previous ch a p ter ). This 
may exp la in  why there appears to  be no previous d e scr ip tio n  of the  
phenomenon. The u sual d ia tary  regime o f dogs used fo r  s tu d ie s  o f  
g a s tr ic  se c r e tio n  i s  to  g iv e  a s in g le  meal o f meat per day. Most 
s tu d ie s  on g a s tr ic  s e c r e tio n  in  dogs have been done on animals starved  fo r  
periods between 18 and 36 hr. In our experiments the dogs which showed 
in h ib it io n  were fed  tw ice per day w ith  meat and milk and were not w ithout 
food fo r  more than 12 h r. I f  the vag i are c u t, as they not in freq u en tly  
a re , in  experim ents on histam ine-evoked g a s tr ic  s e c r e t io n , the 
dim inution in  secre tory  response does not appear : in  acute experim ents 
u sin g  a washout technique the g a s tr ic  ju ic e  i s  secreted  w ith a large  
volume o f s a lin e  and the a c id ity  may not reach the c r i t i c a l  value to  
evoke in h ib it io n .
I f  vagotomy and exclu sion  o f acid  from the p y lo r ic  antrum are both  
fa c to r s  which can reverse the diminution in  acid  secre tio n  fo llo w in g  
recent feed in g , i t  would be reasonable to  look fo r  a common mode of 
action  in  which they ex er t th is  e f f e c t .  In the preceding ch ap ters, 
recent feed in g  was shown to  lead  to  increased le v e ls  o f 5HT in  the  
p orta l b lood . Recent feed in g , tryptophan, 5H31i> an<i 5HT, a l l  had 
comparable e f f e c t s  on acid  g a str ic  se c r e tio n . I t  has already been 
pointed out that 5HT may stim u late vagal a fferen ts  from pressure  
recep to rs/
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recep tors in  the stomach. In a comparable way, nervous a c t iv i t y  
o f  t h i s  so r t  might in flu en ce  cereb ra l cen tres  c o n tr o ll in g  g a s tr ic  
s e c r e t io n . A g o st in i, Chinnock, de Burgh Daly and Murray have 
d escrib ed  a high proportion o f a ffe r e n t f ib r e s  in  the vagus. They 
estim ate that le s s  than 10$ o f the f ib r e s  in  the abdominal vagus 
were e ffe r e n t  ones. I t  seemed to  us that i f  v era tr in e  and phenyl­
diguanide (both  compounds ex er tin g  chem oreflex a c t iv i t y )  in flu en ced  
g a s tr ic  s e c r e t io n , they might do so v ia  an a ffe r e n t pathway, 
strengthen ing  the case fo r  th is  as a p o ss ib le  means through which 
co n tro l o f g a s tr ic  secre tio n  could be exerted . Local re lea se  o f  
5HT in  the g a s tr ic  w a ll might a c t iv a te  .th is mechanism, as i t  has been 
shown to  do in  the case of vaga l a ffe r e n ts  from pressure recep tors  
in  the stomach (P a in ta l , 1954)• (F ig . 3 a ).
Mere re lea se  o f 5HT from the g a s tr o - in te s t in a l w a ll in to  the 
c ir c u la t io n  would seem to  be an u n lik e ly  mode o f a ction  fo r  5HT as an 
in h ib ito r y  hormone, because o f the fa c t  that i t  would be rap id ly  
destroyed in  c ir c u la t io n  v ia  the l iv e r  through the action  o f amine 
oxidase (see  Chapter 5)•
The hypothesis suggested  fo r  the action  o f 5HT (Figure 3) would 
of cou rse, be dependent on an e ffe r e n t  mechanism such as might e x i s t  in  
in h ib ito ry  f ib r e s  in  the vagus nerves or in  the splanchnic n erv es . 5HT 
has already been shown by Haverback, Bogdanski and Hogben ( 1955) and 
White and Magee (in  the p ress) to  exert a profound in h ib ito r y  e f f e c t  
on/
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F ig . 3 i l lu s t r a t e s  two hypotheses fo r  the conjectured  in h ib ito r y  
mechanism o f g a s tr ic  s e c r e t io n .
In A, acid  in  contact w ith  the p y lo r ic  mucosa might s tim ­
u l a t e  vaga l a ffe r e n t a c t iv i t y ,  v ia  nerve f ib r e s  in  c lo se  
proxim ity w ith  the a rg en ta ffin  c e l l .  5“HT might serve as 
a neurohormone a t th is  s i t e .  The in h ib ito r y  mechanism 
might have i t s  outgoing s id e  in  the vagus nerve or in  the  
sym pathetic.
In B, the hypothesis i s  s im ila r  as regards the p o s s ib i l i t y  
of ac id  s tim u la tin g  a ffe r e n t a c t iv i t y ,  but the a r g e n ta ffin  
c e l l s  are p ictured  as a source o f 5-H^P and 5“®% p assin g  
i t  on to  cen tra l areas a t which i t  might stim u la te  
in h ib ito r y  a c t iv i t y .
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on the v a g a l ju ic e  obtained in  Pavlov pouch dogs. 5HT in  our 
experim ents produced a f a l l  in  secre tio n  e l i c i t e d  by a parasympatho- 
jmimetic agen t. Undoubtedly the b est means of t e s t in g  th is  fu rth er  
i s  to  examine the e f fe c ts  of 5HT on Pavlov (v a g a lly  innervated) and 
Heidenhain (v a g a lly  denervated). This experiment ought to be done 
s in ce  an a lte r n a t iv e  explanation  o f the fa c ts  so fa r  described in  
th ese  chapters i s  p o ss ib le  and i s  i l lu s tr a te d  in  Figure 3b. 5HTP 
might be the a c t iv e  substance re lea sed  from the pylorus and would undergo 
conversion  to  5HT at s i t e s  o f decarboxylase a c t iv i ty ;  rapid conversion  
of 5ETP to  52P takes p lace c e n tr a lly  and a lso  at the nerve endings of 
the vagus n erve, both important s i t e s  of a c tio n . In th is  c a se , nervous 
a ffe r e n t  a c t iv i t y  independent o f re lea se  might be stim ulated  by 
spread o f acid  on the surface of the p y lo r ic  antrum. 5HT mi^it in  th is  
in stan ce  be a c e n tr a l tran sm itter; brain t is s u e  in  the hypothalamic 
region  i s  so  a c t iv e  in  5ETP*"5HT conversion that th is  seem3 a f r u i t f u l  
h ypothesis to  put to  the t e s t  in  future experim ents.
-  2 9 5  -
SUMMARY.
1) I t  has already been shown that when dogs are starved  fo r  
24/36 hours histam ine stim ulated  se c r e tio n  reaches a steady s ta te  
between !•§■ -  3|f hours, a f t e r  s ta r t in g  the histam ine in fu s io n . When 
the anim als have been fed  12 hours before the experim ents, in h ib it io n  
o f the histam ine stim u lated  secre tio n  began a f te r  1-lvf hours and
was com pleted by 3-3-g hours.
2) This in h ib it io n  o f histam ine stim ulated  secre tio n  in  r e c e n tly  
fed  dogs could be prevented by b i la te r a l  c e r v ic a l vagotomy or by 
ty in g  a l ig a tu r e  a t  the antral-body ju n ction .
3) Compounds which lik e  5-®? stim ulate vagal a fferen t nerve  
a c t iv i t y  have in h ib ito r y  e f f e c t s  on g a s tr ic  secre tio n  s im ila r  to  those  
o f 5 t hi s  would appear to  be pharmacological evidence for  a ffe r e n t  
vaga l nerve c o n tr o l, perhaps through a vago-vagal r e f le x ,  of ac id  
s e c r e t io n .
4 ) The e ffe r e n t  s id e  o f the mechanism co n tr o llin g  acid  se c r e tio n  
o u tlin ed  in  these chapters has not been stud ied  in  d e t a i l .  Two reports  
in  the l i t e r a tu r e  suggest th at 52T bas a profound in h ib ito r y  e f f e c t  on 
v a g a lly  stim u lated  se c r e tio n ; i t  i s  p o ssib le  that 5HT might produce th is  
e f f e c t  through f ib r e s  in  the vagus nerve which are in h ib ito ry  to  acid  
s e c r e t io n , as were found by Pavlov (1902) and Schachter (1949)*
CHAPTER FIVE.
C arcinoid tumours and 5-hydroxytryptamine*
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CHAPTER FIVE.
CARCBIOID TUMOURS AND 5-HYDROXYTRYPTAME.
I t  i s  as an example of the human pharmacology of 5HT that th is  
tumour aroused the author’s in t e r e s t .  The developing in te r e s t  in  
the carc in o id  syndrome from 1954 onwards brought severa l in stan ces  
of i t  to  the author’s n o tice  and nine cases have been p erson a lly  
in v e s t ig a te d  by him. This work was done in  co llab ora tion  w ith Drs. 
MacFarlane and Lennox of the U n iversity  Department of Pathology a t 
the Western Infirm ary, Glasgow, and w ith the co-operation  of Dr, 
D a lg lie sh  and h is  a s s is ta n t  Dr, Dutton who devised  the method used  
by the author fo r  assay of 5“kydroxyindoleacetic acid  and advised  
on b iochem ical a sp e c ts . The author was a s s is te d  in  the c l in ic a l  
care o f  th ese  p a tie n ts  by Dr. Lloyd llyhus, A ssociate Professor o f  
Surgery in  the U n iv ersity  of S e a t t le ,  The cases are described in  
the f i r s t  p lace as a c l in ic a l  e n t ity ,  but in  the subsequent chapter 
(Chapter 6) the author goes on to  consider carcinoid  tumours from 
a w ider a sp e c t, examining the e f f e c t s  of various substances which 
stim u la te  acid  se c r e tio n  on 5&T blood le v e ls  and considering the 
gen era l argument fo r  or against 5HT having a general or a lo c a l  ro le  
in  g a s tr o - in te s t in a l a c t iv i t y .
The present chapter opens w ith a h is to r ic a l  d escr ip tion  o f the 
d iscovery  o f the ca rc in o id , continues with a review of the s ig n if ic a n t  
pathology. T h is /
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This i s  fo llow ed  by an assay on the c l in ic a l  fea tu res  and the 
treatm ent o f the au th or's s e r ie s  o f c a se s . The urinary e x c r e tio n , 
the blood le v e ls  and the tumour t is s u e  concentration  are a l l  l i s t e d .
HISTORICAL INTRODUCTION.
The carc in o id  tumour, or argentaffinom a, i s  known to  surgeons 
in  a v a r ie ty  o f ways. I t  i s  most commonly an in c id en ta l fin d in g  
when s itu a te d  in  the vermiform appendix, and in  the term inal ileum  
causes in t e s t in a l  ob stru ction . In some c a se s , somewhat rare ly  
however, i t  may cause the c l in ic a l  m anifestations o f the "carcinoid  
syndrome", which has aroused great in te r e s t  in  surgery through i t s  
a sso c ia t io n  w ith the in tern a l secre tio n  of the hormone, 5-ky^roxy'kryP'k,“ 
jamine. I t  i s  to  the Swedish workers in  Malrao that cred it must go 
fo r  the f u l l  reco g n itio n  o f th is  syndrome (B iorck , Axen and Thorson, 
1952; Thorson, B iorck , Bjorkman and Waldenstrom, 1954; Waldenstrom 
and Ljungberg, 1955; Pe^ow and Waldenstrom, 1954; Thorson, 1958)* 
Biorck and co llea g u es in  1952 had described the occurrence o f cardiac  
le s io n s  in  a cyanosed young man o f 19 y ears, who was a lso  su bject to  
f lu sh in g  a ttack s and was found a t autopsy to have a carcino id  or 
a r g e n ta ffin  tumour. With Thorson, Biorck and Bjorkman, Waldenstrom 
c o l le c te d  by 1954 seven c lo s e ly  s im ila r  c a se s , and ou tlin ed  from th is  
m ateria l a new c l in i c a l  syndrome. I t  was te n ta t iv e ly  suggested  that 
the c l in ic a l  e f f e c t s  might be the resu lt of secre tio n  of 5~kydroxytrypt— 
samine from/
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from the tumour* This idea had been made a convenient hypothesis by 
Lembeck1 s dem onstration in  1953 th at carc in o id  tumour t is s u e  was r ich  
in  5-hydroxytryptamine (Lembeck, 1953). I t  had appeared probable 
from the c la s s ic a l  work o f Erspamer that a carc in o id  tumour, in  e f f e c t  
an aggregate o f a rg en ta ffin  c e l l s ,  would possess r ich  sto res  o f  
5-hydroxytryptam ine, s in ce  he had esta b lish ed  in  numerous papers 
(Erspamer, 1940; Erspamer, 1946; Erspamer, 1952; Erspamer, 1953;
Erspamer, 1955; Erspamer and A sero, 1952; Erspamer and B o r e tt i ,  1951; 
Erspamer and O tto len gh i, 1953) that the argen ta ffin  c e l l s  manufactured 
r ic h  s to r e s  o f a new hormone, enteram ine, which had been shown to  have 
the c o n s t itu t io n , 5~hydroxytryptamine. F in a lly  Peraow and Waldenstrom 
in  1954 e s ta b lish e d  the hormonal nature of the carcinoid  syndrome by showing 
th a t there was an e lev a ted  concentration  o f  5^T in  blood o f p a tien ts  w ith  
a ca rc in o id  tumour, ex ten siv e  m etastases and the system ic fea tu res; o f  
th ese  the cutaneous m an ifestations are the most s tr ik in g , and are a 
redd ish -b lue cy a n o s is , t e la n g ie c ta s is  and flu sh in g  a tta ck s . These e f f e c t s  
are o ften  a sso c ia te d  w ith  d iarrhoea, borborygmi and abdominal c o l i c ,  
"asthm atic a tta ck s" , occasion al g idd iness and the development o f v a lvu lar  
le s io n s  o f th e- r ig h t s id e  of the h eart, o ften  a fte r  a lapse of severa l 
y e a r s . These fea tu res  are p a rticu la r ly  a sso c ia ted  w ith advanced 
m eta sta sis in g  ca rc in o id s o f the sm all in t e s t in e ,  having gross hepatic  
or glandular m etastases (Sjoerdsma, Weissbach and U denfriend, 1956)*
PATHOLOGY OF CARCINOIDS OR ARGENTAFFIN TUMOJRS.
C arcin o ids/
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C arcinoids have been described  a t most s i t e s  in  the in te s t in a l  
t r a c t  (Thorson, I 958; MacDonald, 1956* Morson, 1958* M attingly , I 956; 
Olson and Gray, 1958) between the cardia and the ano—r e c ta l ju n ction ;  
in freq u en tly  they occur in  other organs, such as the lung, t e s t i s  and 
ovary*
The most common s i t e  i s  the appendix (accounting fo r  65$  o f a l l  
c a se s )  as the ty p ic a l  y e llo w ish  tumours of the appendix t ip .  They 
may be lo c a l ly  in v a siv e  in  th e ir  h is to lo g y  and are p o te n t ia lly  
m alignant tumours w ith  a c l in ic a l  course which i s  u su a lly  benign. 
Invasion  near the appendicular base ca rr ie s  a s in is t e r  prognosis 
and i s  an in d ic a t io n , i f  d iscovered  on Routine exam ination, fo r  
r a d ic a l treatm ent by a r ig h t hemi-colectomy w ith  exc isio n  o f r e la te d  
lymph nodes (Olson and Gray, 1958)* same i s  true i f  lymphatic
in vasion  i s  d etected ; only 4$t however, o f appendicular cases m etast-  
j a s is e .  The cases operated on fo r  "appendicitis"  may have had fea tu res  
akin to  appendicular obstruction  -  appendicular c o l ic  may have been 
aided by se c r e tio n  o f which i s  a powerful agent in  in i t ia t in g
smooth muscle spasm. This in  turn may a id  the early  recogn ition  of 
th ese  c a s e s •
The most common ex tra —appendicular s i t e  i s  the term inal ileum  
( 25$ o f a l l  c a s e s ) .  Common fea tu res of these growths are that they  
are most o ften  the fu n ction in g  tumours, are a f a ir ly  constant yellow  
c o lo u r /
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c o lo u r , show submuoous spread w ith  la te  u lcera tio n  in to  the bowel 
lumen, and may be m u ltip le ; marked hypertrophy of the adjacent 
bowel w a ll may be p resen t. H is to lo g ic a l examination revea ls  whorls 
o f  c e l l s  w ith  a p eriphera l pa lisad e arrangement; there may be f in e  
d u stin g  o f  the nuclear chromatin. (F ig . l ) .  Even in  ordinary 
haemalin and eo sin  s ta in in g  reddish granules are apparent. (Thorson, 
1958; Sm ith, 1959).
Their s p e c ia l  fea tu res  a r e s -
a) stron g  a f f in i t y  fo r  s i lv e r  s a lt s  (G osset and Masson, 1914).
b) c h a r a c te r is t ic  gran u les, a condensation product o f 5HT and 
form alin , s ta in in g  reddish-brown by the diazonium reaction  (Barker 
and P earse , 1955? Pearse, 1953)* 2 .* )
c) flu o rescen ce  in  the u ltr a v io le t  (w ith  the same absorption  
spectrum as 5HT).
The number o f carc in o id s a t other s i t e s  i s  sm all; 5$ occur in  
the colon and rectum, where they may be r e la t iv e ly  benign (Dukes, 1946) 
but show a ty p ic a l h is to lo g y  in  that they have poorer granulation  and a 
tendency to  form tubules and a c in i (G abriel and Morson, 1956). R ectal 
biopsy specimens sta in ed  w ith  the s p e c if ic  s ta in s  may help to  e s ta b lis h  
the d ia g n o s is .
Carcinoids develop ra re ly  in  the stomach, duodenum, ga llb lad der and 
pancreas. They a lso  occur in  the lung and ovarian, and presumably 
t e s t ic u la r /
* Appendix.
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F i g .  1 .  The p h o t o m i c r o g r a p h  s h o w s  t h e  h i s t o l o g y  o f  a  t y p i c a l
a r g e n t a f f i n o m a .  N o t e  t h e  w h o r l s  o r  a g g r e g a t e s  o f  c e l l s ,  
o f t e n  w i t h  p e r i p h e r a l  p a l i s a d i n g ,  t h e  f i n e  d u s t i n g  o f  
t h e  n u c l e a r  c h r o m a t i n  w h i c h  h a s  a n  o p e n  a p p e a r a n c e ,  a n d  
t h e  s u g g e s t i o n  o f  g r a n u l e s  i n  t h e  c y t o p l a s m  o f  t h e  c e l l s  
a t  v a r i o u s  s i t e s  (H .  a n d  E .  x 3 0 0 ) .
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F i g .  2 .  T h e  p h o t o m i c r o g r a p h  a g a i n  sh o w s  t h e  h i s t o l o g y  o f  t h e  
t y p i c a l  c a r c i n o i d  o r  a r g e n t a f f i n o m a ;  i n  t h i s  c a s e  t h e  
s t a i n i n g  i s  w i t h  t h e  d i a z o  m e th o d  o u t l i n e d  i n  t h e  
A p p e n d i x .  The  o r a n g e - h r o w n  g r a n u l e s  r e p r e s e n t  a  
c o n d e n s a t i o n  p r o d u c t  o f  5-HT a n d  f o r m a l i n .
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t e s t ic u la r  teratoma (Thorson, I 958; MacFarlane, 1957; Warner and 
Southren, 1958; Sauer, B earing, F lock , Waugh, Dockerty and Roth,
1958).
M eta sta sis in g  tumours, u su a lly  w ith numerous secon d aries, 
appear to  he the so le  examples o f carc in o id s capable of causing the 
c l in i c a l  m a n ifesta tio n s , presumably because the 5HT output of the  
primary tumour alone i s  in a c tiv e  or in s u f f ic ie n t  in  s iz e  a t th is  
sta g e  to  have any e f f e c t .  Most cases o f the syndrome have m etastases  
in  the l i v e r  and th is  has been stre ssed  by some authors (Thorson, 1958? 
Sauer, B earing, F lock , Waugh, Dockerty and Roth, 1958). I t  has been 
held  th a t the development o f  the c l in ic a l  m anifestations o f the 
syndrome i s  alm ost an in d ica tio n  that hepatic m etastases are present?  
perhaps th is  i s  because m etasta tic  t is su e  in  the l iv e r  secre ts  almost 
d ir e c t ly  the hepatic v e in s  a llow ing more to  escape ox id ative  
deamination in  the l iv e r  t is s u e .  E sten sive lo c a l spread o f lymphatic 
glands and to  the mesentery w ith gross in te s t in a l  adhesions (Dockerty 
and Ashbum, 1943; Hedinger and Gloor, 1954) i s  a feature of a l l  la te  
c a s e s .
The h is to g e n e s is  o f the tumour i s  from the K ultseh itzky or 
a rg en ta ffin  c e l l s  o f the crypts o f Lieberkuhn which belong to  the 
enter©chromaffin c e l l  system . These c e l l s  take up both s i lv e r  and 
chrome s a l t s  (hence the a lte r n a tiv e  names argentaffinoma and chrom— 
jaffinom a) and are present in  the alim entary tr a c t ,  b i le  ducts and 
p a n crea s ,/
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panereas, and occur sp a rse ly  in  the lung: one type o f bronchial 
adenoma i s ,  more c o r r e c t ly , thought to  be an argentaffinom a ( Olson 
and Gray, 1958). S ince some p a tien ts  have been found to  have ex ten siv e  
ca rc in o id  tumours which f a i l  to  show the ty p ic a l yellow  pigment or to  
take up the s i l v e r  s ta in ,  i t  has been proposed that they may contain  
a rg y ro p h ilic  ra th er than a rg en ta ffin  c e l l s ;  th is  problem w i l l  be 
d iscu ssed  la t e r .
These tumours have not been produced experim entally , nor i s  there  
any evidence o f  a carcinogen ic agent a t work. Their orig in  has never  
been s a t i s f a c t o r i ly  s e t t le d  but the s ta in in g  reactions suggest a 
developm ental r e la t io n sh ip  w ith  autonomic ganglia (Danisch, 1923).
CARCINOID SYNDROME.
The fea tu res  o f  the syndrome (B iorck, Axen and Thorson, 1952 ? 
Thorson, B iorck , Bjorkman and Waldenstrom, 1954? Thorson, 1958) a r e : -
a ) A malignant carcin o id  o f the sm all in t e s t in e ,  commonly with  
m etastases to  the abdominal lymph nodes and the l iv e r .
b) Patchy f lu sh in g , a p le th o r ic  colour or cyan osis.
c )  Frequent watery s t o o ls ,  borborygmi and abdominal pain .
d) Pulmonary s te n o s is  of the v a lvu lar  type and tr icu sp id  s te n o s is
or r e g u r g ita tio n .
e )  A ttacks o f "bronchial asthmaM'of an unusual type.
f )  T e la n g iec ta s is  and dependent oedema.
The/
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The main c l in i c a l  e f f e c t s  present in  nine ca ses  o f the syndrome 
examined by us are recorded in  Table 1.* The main fe a tu r e s , cu lle d  
from th ese  ca ses  and those o f o th ers , are described in  d e ta i l  below. 
CUTANEOUS MANIFESTATIONS.
A ty p ic a l  p a tien t w ith  th is  cond ition  may f lu sh  tra n s ie n tly  in  
"geographical" a rea s, or continuously more severe ly  over the face  (F ig . 3a) 
but the upper to rso  and ex trem itie s  may a lso  be a ffec ted ; (F ig .3b )  
the part may f e e l  warm w ith  p a ra esth esia , but in  a cold  ambient 
temperature there i s  marked cy a n o sis , (F ig .3 c ) , e ith e r  d iffu se  or 
patchy. The sk in  temperature r is e s  in  the a ffec ted  part during the 
f lu sh in g  a tta c k . T e la n g iec ta s is  u su a lly  means that the cond ition  
i s  o f some duration and cuts in  the skin areas round these d ila te d  
v e s s e ls  b leed  w ith  some s e v e r ity . The sc lerae  are often  reddened.
The f lu sh in g  may be spontaneous, or may fo llow  various s t im u li -  
em otion al, mechanical (prolonged standing, abdominal p a lp ation , or 
com pression o f a t e s t ic u la r  ca rc in o id , or fo llow in g  co lon ic ir r ig a t io n ) ,  
pharm acological (h istam ine or re serp in e ), or d ietary  (m eals, te a ,  
c o f fe e  or a lc o h o l.)  The flu sh in g  attacks are u su a lly  accompanied by 
vasomotor changes whieh have been described by Thorson (1956)? there  
i s  a tachycardia and the s y s to l ic  blood p ressure, pulse pressure and 
card iac output r is e  as the f lu sh  develops. On the contrary in  the  
co ld  cyan otic  s ta te  the pulse i s  weak, the blood pressure i s  low and 
th e /
* For case  reports see  Appendix.
-  305 -
TABLB 1 GIVES the c l in i c a l  p ictu b e, h is to lo g ic a l  data and
PATHOLOGICAL STATE OP FINE PATIENTS IN MOM THE DIAGNOSIS HAS 
BEEN CLEAELY ESTABLISHED IN A GROUP OP PATIENTS EXAMINED BY 
THE AUTHOR; OTHER PATIENTS EXAMINED ARE QUOTED IN TABLES 2,
3 and 5 IN THIS CHAPTER. THE URINARY EXCRETIONS ( in  m g/24 hrs) 
AND 5-HIAA ARE LISTED. *
CLINICAL EXCRETION OP
Case FLUSHING
PULMONARY
STENOSIS DIARRHOEA
5-HIAA
SITE ( mg/24 hours)
1 - - + Small "bowel and l iv e r .  688 
. ....................  . 594
2 + - + Ileum and mesentery. 65 
Not l iv e r  90
84
3 + - - I le o -c a e c a l and mesentery. 155 
Not l iv e r
4 ++ + + Ileum, mesenteiy and 258 
l iv e r ,  269
5 - - - I le o -c a e c a l and mesentery. 43 
Not l iv e r
17 + - ++ Liver and glands, recurr- 17 
sent a fte r  ex c is io n a l 20 
operation . 40
18 ++ ? + ? Ileum, l iv e r  "bone kidney 160
19 +++ - - Ileum, l iv e r .  200 to300
24 + - + Glands, recurrent + a"bd- 53*2 
sominal mass ? l iv e r ,  63.4  
recurrent a fte r  R. Hemi- 
:colectom y.
* Appendix.
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Fig# 3a# A common appearance of patients with the carcinoid  
syndrome is  that of a bright red flush. This may be 
continuous or interm ittent and may arise in one area 
as i t  fades in another.
I t  often extends from the face (Fig# 3b) over the neck 
and sternal region and macules may be present a l l  over 
the body.
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3<\.
3  b.
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Fig.
Fig* 4
c . I llu stra tes  the appearance of one of these patients 
in a cold environment. A dusky cyanosis spreads over 
the head and neck, the torso and the extrem ities.
. The appearance in the extremities may he that of
intense cyanosis and there may he a Raynaud phenomenon.
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the cardiac output is  weak* A pilomotor "gooseflesh" appearance has 
been described (Thorson, 1958) .  There i s  no polyeythaemia and f u l l  
oxygenation does not lessen the cyanosis* A Raynaud-like phenomenon 
may be present at the extremities* (Fig. 4 ) .
DIARRHOEA *
In certain patients th is is  the principal complaint; the bowels 
may move 20 times daily or more with watery stools and there may be 
abdominal discomfort, co lic  and borborygmi audible at some distance 
from the p atien t's bedside. Barium passes rapidly through the in te s t -  
sinal tract and may reach the ileocaecal valve in 1 hour, but not 
always -  the incessant in testin a l a ctiv ity  is  audible with the s te th -  
:©scope and may be recorded on an electromagnetic tape. The m otility  
need not necessarily  be of the propulsive type and may be of the 
segmentation variety . The increased m otility is  unrelated to the 
presence of obstruction and, in the presence of widespread metastases, 
continues a fter  resection of the primary tumour. Increased borborygmi 
may be present without diarrhoea. S inclair (1957) estimates that 
patients with an unusually active gut may be d ifferentiated  from true 
cases of the carcinoid syndrome with alimentary symptoms and signs 
by the use of ganglion blocking agents* In individuals with higher 
m otility  of the gut from various causes other than excess of the 
humoral agent 5”bydroxytryptamine, p er ista lsis  is  checked temporarily 
by doses which have no e ffec t on p er ista lsis  in patients with carcinoids 
secreting /
-  311 -
secreting  5~^&roxytryptamine. This i s  in keeping with the work of 
Robertson (1953) who showed that hexamethonium does not antagonise 
and may even augment the e ffect of 5”kycL:roxytryptamine on the guinea- 
pig ileum preparation suspended in v itro  in Tyrode solution. Incessant 
a c t iv ity  of the gut, with diarrhoea and augmented bowel sound in the 
presence of an abdominal mass have led to the diagnosis of subacute 
obstruction of the small bowel. This may prove deceptive in that the 
small in testin e  may show evidence of d ilatation and hypertrophy of i t s  
muscle coats without true obstruction of the in testin a l lumen by the 
carcinoid tumour. That these e ffec ts  may have, been provoked by 5E2 
rather than by true obstruction was well demonstrated in one of our 
oases in which the carcinoid mass was outside the bowel wall in the 
mesentery.
ASTHMATIC-LIKE ATTACKS.
Respiratory stridor may be the result of direct 5HT constriction  
of the smooth muscle in the trachea and bronchi; and this may induce 
"asthmatic—lik e attacks", in cold weather principally. D ifficu lty  may 
be experienced by the anaesthetist in in fla tin g  the chest to oxygenate 
the patient i f  bronchospasm supervenes during an operation for removal 
of a carcinoid.
OCCASIONAL FINDINGS.
These include oedema, which may variously arise from cardiac 
fa ilu re , obstruction of veins by a large abdominal mass, and as a 
re su lt /
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r e s u lt  of* the a n t id iu r e t ic  e f f e c t s  of the hormone v ia  i t s  action, 
in  ca u sin g  sodium reten tion  (H ulet and Per0ra , 1956) o lig u r ia ,  
ra r e ly  amounting to  anuria; le s io n s  lik e  rheum atoid-arthri t i s  a f fe c t in g  
the sam ller  jo in ts  in  some cases (Sjoerdsma, Weisshach and U denfriend, 
1956)5 scleroderm a, a dark brown pigmentation w ith k era to s is  (Thorson, 
1958) h igher o v era ll incidence o f g a str ic  and duodenal u lcera tio n
(Sjoerdsm a, Weissbach and U denfriend, 1956)*
MENTAL SYMPTOMS.
I t  i s  su rp r is in g  that few o f these p a tien ts  show p sych o log ica l 
a b n o rm a lities , in  s p it e  of the important ro le  o f 5HT in  cereb ral 
fu n c tio n . This i s  almost c e r ta in ly  the r e su lt  o f poor penetration  
o f 5HT through the blood brain b a rr ier . 5HTP on the contrary penetrates  
the blood brain b a rr ier  re a d ily .
ABDOMINAL EXAMINATION, revea ls  in  most in stances the scar o f an oper­
a t i o n  undertaken o ften  some years previously; there may be p a lp ab le , 
even v i s i b l e ,  gross hepatomegaly or other m etastases p resen t. Osseous 
m etastases (F ig . 5) w hile an uncommon occurrence, may be present 
term in a lly ; they may mimic the osteogen ic sarcoma y e t are o f a longer  
duration and are r ic h , on b iop sy , in 5HT. 5HI44- i s  excreted  in  e x c e ss , 
but an anomaly e x i s t s  in  that these cases often  have non-argentaffin  
argentaffinom ata (P ig . 6 ) . Any p atien t who shows th is  advanced s ta te  
a f te r  an operation  sev era l years previously  should be suspected o f  
having /
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F i g #  5 s h o w s  a n  o s s e o u s  m e t a s t a s i s  i n  "tit© r i g h t  h u m e r u s  i n  a  p a t i e n t  
w i t h  a  c a r c i n o i d  t u m o u r .  On b i o p s y  i t  w a s  f o u n d  t o  h a v e  4  mg 
p e r  g .  5 “ hT on  b i o l o g i c a l  a s s a y .
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F i g .  6 .  L i v e r  b i o p s y  s h o w i n g  s h e e t s  o f  t u m o u r  c e l l s  i r r e g u l a r l y  
a r r a n g e d  o b t a i n e d  f r o m  t h e  p a t i e n t  w i t h  t h e  o s s e o u s  
m e t a s t a s e s .  The  l e f t  h a n d  f i g u r e  s t a i n e d  w i t h  H . & E, 
x  2 0 0 :  t h e  r i g h t  h a n d  f i g u r e  s t a i n e d  w i t h  H . & E«» x  4 0 0 .  
T he  t u m o u r  w a s  a  n o n — a r g e n t a f f i n  a r g e n t a f f i n o m a .
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having had a carcinoid as these tumours usually grow very slowly with 
occasional cases surviving a decade or more.
THE DEVELOPMENT OF CARDIAC LESICgfS.
The cardiac manifestations occur late in the natural history of 
the syndrome and appear almost exclusively in the right side of the 
heart unless in the rare instance of a patent foramen ovale, when 
they may occur in the le f t  heart (Sjoerdsma, Weissbach and Udenfriend, 
1956? IfeKusiok, 1956) .  Pulmonary stenosis and tricuspid stenosis or 
regurgitation are the commonest abnormalities. I t  is  possible that 
these changes are the direct e ffec t  of 5HT on the endothelium of the 
heart valves, (Waldenstrom and Ljungberg, 1955? Hedinger and Gloor, 
1954) but i t  has been claimed that they follow damage induced by 
continuous fluctuations of pressure in the pulmonary vascular bed 
(Thorson, 1956). The concentration of 5®T, extremely high in the 
portal and hepatic venous blood, remains very high in the right 
heart, but f a l l s  to lower lev e ls  after passage of blood through the 
pulmonary c ir c u it , where inactivation by amine oxidase rapidly occurs. 
(See Table 4)*
The pulmonary and tr ic u sp id  va lves have been shown at autopsy to  
be greyishnarhite and f ib r o t ie ,  d is to r ted  and fused  at the cusps and 
there i s  th icken ing  o f the chordae tend inae. The mural endocardium o f  
the r igh t atrium may be white and fib ro u s . O ccasionally  there may be 
a /
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a fib rou s reaction, in  the pericardium and there may be a v e n tr ic u la r  
hypertrophy present greater than that which can be exp lained  on the 
b a s is  o f the v a lv u la r  le s io n s  present (Jacobson, 1939). The heart i s  
enlarged p r in c ip a lly  to  the r ig h t as may be shown r a d io lo g ic a l ly .
There may be a sm all aorta and s u f f ic ie n t  d ila ta t io n  o f the pulmonary 
a r ter y  to  g ive the l e f t  border o f the heart a " str a ig h t-lin e "  edge; 
on the other hand a more conspicuous enlargement may r e s u lt  in  the 
d ila te d  pulmonary artery  showing independently. (F ig . 7 ) .  Screening  
may show r e la t iv e ly  avascular lung f i e l d s .  The commonest in d ica tio n  
th a t the pulmonary v a lv e  i s  a ffe c te d  i s  a loud "ejection -type"  s y s t o l ic  
murmur heart a t the l e f t  s tern a l margin u su a lly  maximal a t the 3rd l e f t  
in te r sp a c e . (F ig . 8 ) .  S y s to lic  and d ia s to l ic  murmurs have a lso  been 
heard over the tr ic u sp id  region in  many of these p a tie n ts .
The E.C.G. commonly shows clockw ise rotation  o f the h ea rt. Cardiac 
c a th e te r isa t io n  s tu d ie s  have shown a r is e  in  the mean pressure in  the 
r ig h t v e n tr ic le .  There may be a low pressure in  the pulmonary a r te r y , 
d is t a l  to  the v a lv e , w ith  a marked pressure gradient across i t .  There 
may a lso  be a p r e sy s to lic  pressure gradient across the tr ic u sp id  va lve  
i f  tr ic u sp id  s te n o s is  i s  presen t. The cardiac output may be reduced. 
LABORATORY STUDIES.
(a) Screening t e s t s .
S everal rapid t e s t s  fo r  quick d etection  of increased  urinary  
5HIAA are now a v a ila b le . The most u sefu l t e s t  depends on coupling of 
5HIAA w ith -n it r o s o -  naphthol to  give a purple coloured substance
/
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F i g .  7 .  T he  c h e s t  r a d i o g r a p h ,  i n  t h i s  c a s e  o f  t h e  a r g e n t a f f i n o m a  
s y n d r o m e ,  sh o w s  a t  ( a )  t h e  e n l a r g e m e n t  o f  t h e  r i g h t  s i d e  
o f  t h e  h e a r t ,  a t  ( b )  t h e  s m a l l  a o r t i c  k n u c k l e ,  a n d  a t  
( c ) ,  t h e  v i s i b l y  d i l a t e d  p u l m o n a r y  c o n u s .
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F i g .  8 .  A p h o n o c a r d i o g r a m  w a s  t a k e n  a t  t h e  l e f t  s t e r n a l  b o r d e r  (3rd  
l e f t  i n t e r s p a c e )  i n  t h e  sa m e  c a s e  a s  F i g u r e  7 .  T he  t r a c i n g s  
r e c o r d e d  a r e  t h e  E . C . G .  (L D ^)  a n d  l o w ,  m e d iu m  a n d  h i g h  f r e q u e n c i e s  
r e s p e c t i v e l y .  O p p o s i t e  t h e  IS/F a n d  H /F  r e c o r d s ,  t h e  f i r s t  a n d  
s e c o n d  s o u n d s  h a v e  b e e n  m a r k e d  ( l  a n d  2 ) .  The f i r s t  s o u n d  i s  
s o f t  a n d  t h e  s e c o n d  s o u n d  i s  a c c e n t u a t e d .
A " d i a m o n d - s h a p e d "  e j e c t i o n  t y p e  o f  s y s t o l i c  m u rm u r  i s  r e c o r d e d ,
(A )  w h i c h  i s  c h a r a c t e r i s t i c  o f  p u l m o n a r y  s t e n o s i s .  T h e r e  i s  
a l s o  a  d i a s t o l i c  m urm ur  a t  (B )  w h i c h  may i n d i c a t e  a  s t e n o s e d  
a n d  i n c o m p e t e n t  v a l v e .  The s e c o n d  s o u n d  ( 2 )  i s  h i g h l y  a c c e n t u a t e d .
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(Sjoerdsm a, Weissbach and U denfriend, I955) .  E h r lich ’s aldehyde
reagent may a lso  be used combining w ith  5HIAA to  g ive  a blue co lo u r .
(b) 5BT and 5HIAA in  u r in e , blood and tumour t i s s u e .
i )  The urinary excretion  o f 5HT i t s e l f  i s  low, and the ex cr e tio n  
#
o f 5HIAA, i t s  ox idation  product, (F ig . 9) i s  a more r e l ia b le  index o f  
the to ta l  production. An e a s i ly  performed t e s t  u sing  the rea c tio n  
w ith  n itr o s o -  naphthol has been described  by u s f  The r e s u lt s  fo r  
carc in o id  cases are shown in  Table 1. 2 - 1 0  mg. has been regarded
by us as the normal range. The t e s t  may be used both in  d ia g n o sis  
and prognosis (Tables 2 and 3 ) .  A chromatographic technique o f  
s im p lic ity  has been evolved  (Curzon, 1955). High va lu es o f 5HIAA 
are not always a sso c ia ted  w ith severe symptoms and v ic e  v ersa ; i t  
has been suggested  that there i s  an adaptive response o f  the enzyme 
mono-amine oxidase in  the lungs which might account fo r  t h i s ,  y e t  
Davison and Sandler fa i le d  to  f in d  evidence o f th is  change. (Davison  
and Sandler, I 956) .  Although 5HIAA excretion  should f a l l  a f te r  
r esec tio n  o f  the tumour, a return to  normal le v e l  of 5HIAA immediately 
a f t e r  the operation should not be accepted as a t e s t  of cure s in ce  
the s e n s i t iv i t y  o f the t e s t  may not be s u f f ic ie n t  to  d etect the sm all 
q u a n tit ie s  o f 5HIAA which may be secreted  by resid u al tumour t is s u e ;  
i t  i s  d i f f i c u l t  to  determine whether values in  the range 10-20 mgms. 
are abnormal or not (Smith, 1959)* Ch the other hand the t e s t  may 
prove valuab le in  follow -up stu d ies  of the p a tien ts  (Thorson, 1958; 
Sjoerdsm a, Weissbach and Udenfriend, 1956)#
i l ) / * A ppendix.
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H H
C - C - C O O H
H N H 2
TRYPTOPHAN
H H
C -  C -  C O O H  
^  H NH2
5 - h y d r o x y t r y p t o p h a n
C - C - H  
H N H
5  -  H Y D R O X Y T R Y P T A M IN E
I M O N O A M I N E  
O X ID A S E
S  H Y D R O X Y  -  3  - 1N D O L E  A C E T A L D E  H Y D E
I A L D E H Y D E  
D E H Y D R O G E N A S E
C - C O O H
5  -  H Y D R O X Y IN D O L E  -  3  -  A C E T IC  A C ID
Pig* 9* 5-Hydroxytryptaraine (5-HT) i s  derived in  the tumour mass from 
amino-acid precursor, 5-hydroxytryptophan (5-HTP) which i s  in  
turn dependent on the d ietary  intake of the e s s e n t ia l  amino acid  
tryptophan.
5-HT i s  rapid ly destroyed a fte r  re lease  from the tumour by the 
amine oxidase in  various t is s u e s .  The product 5"ky(i I,°x y in d o le -  
a c e t ic  acid  (5-HIAA) i s  d etectab le in  large quantity in the u rin e.
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TABIE 2.
The d ia g n o stic  use o f 5-HIAA ex cr e tio n .
Case
No. C lin ical Data Pathology
Excretion of 
5-HIAA 
(rag. / 2 4  hours)
6 Flushing ++ 
Secondaiy tumours in 
liv er  and hone. 
Primary not known.
Histology not 
clearly  argentaff- 
jinoma. Specific  
stains negative.
140
7 Subacute in testin a l 
obstruction: surgical 
diagnosis carcinoid.
Biopsy inadequate 11.2
9*1
8 Multiple colonic 
tumours.
3 adeno-carcinomata 
1 -  ? argentaffinoma 
Specific stains -  
negative
11.3
9
10
11
Cases of flushing  
and cyanosis of 
unknown origin.
- } le ss  than 
1 10
12 Spasmodic flushing: 
mass in right i l ia c  
fossa .
- 5.2
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i i )  The 5HT content o f blood i s  su b sta n tia lly  e lev a ted  in  cases  
o f  the syndrome, (Table 4)* The 5^T contents of the peripheral blood  
may r is e  during an a tta ck  (Table 4 , A, B, C) but th is  i s  d isputed  
(Sjoerdsm a, W eissbach, Terry and Udenfriend, 1957), As already  
m entioned, the blood from the p orta l venous system , hepatic v e in s  
and r ig h t heart may have the h igh est concentrations o f 5HT in  the 
v a scu la r  system . (Table 4» D ). In a case w ith  osseous m etastases  
in  a limb the venous blood was found to have a higher concentration  
than was found in  a r t e r ia l  samples (Table 4 E ).
i i i )  B io lo g ic a l assay o f samples of tumour or secondary d ep o sits  
(Lembeck, 1954) have helped to  e s ta b lis h  the d iagnosis and are 
p a r t ic u la r ly  u se fu l when the h is to lo g ic a l  s ta in in g  reaction s are 
eq u iv o ca l, (Table 5)*
TREATMENT.
( l )  S u rg ica l management.
(a) For the p a tien t who has had an argen taffin  tumour of the 
appendix removed by appendicectomy there i s  no further problem.
(b) In those appendicular cases in which invasive h is to lo g y  i s  
demonstrated near the base, r igh t hemi-colectomy ought to be ad vised . 
Many such p a tie n ts  can expect a permanent cure.
(c )  Right hemi—colectomy should a lso  be advised for  tumours of 
the term inal ileum , w ith ileo tran sverse  colostomy as the p a ll ia t iv e  
procedure in  a case where there i s  a large f ix ed  intra-abdominal mass 
w ith /
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TABLE 4 LISTS THE VALUES FOR 5-HT IN PLASMA AND WHOLE BLOOD. NOTE 
THE ELEVATION, MINLY IN PLASMA 5-HT, DURING FLUSHING ATTACKS IN 2 
PATIENTS (A & B ), AFTER RESERP3NE (C) IN A THIRD, AND IN (E) THE 
VENOUS BLOOD SAMPLES FROM A LIMB GAVE HIGH VALUES BECAUSE OSSEOUS 
METASTASES WERE PRESENT IN THE LIMB: IN CASE (D) VALUES FOR PLATELET 
RICH PLASM AND SERUM ARE COMPARED IN SAMPLES OBTAINED BY CARDIAC 
CATHETERISATIQN. NOTE THE EXCEPTIONALLY HIGH VALUES OBTAINED IN THE 
SAMPLES FROM THE PULMONARY ARTERY.
NORMAL VALUES 
FOR VENOUS BLOOD
PLASMA 5-HT ug/m l.
MAXIMUM 0.02
WHOLE BLOOD 5-HT ug/m l. 
MAXIMUM 0 .6
A NON-FLUSHING 0.12 2 .8
FLUSHING 1.8 3 .2
B N(21-FLUSHING 0.08 1.6
FLUSHING 0.9 1.9
C NQNt-FLUSHING 0.04 2 .1
FLUSHING (A fter  
R eserpine)
1 .6 2.8
D* SUPERIOR AND
INFERIOR VENA CAVA 1.3 and 2 .5 2 .5  and 2.25
PULMONARY ARTERY 6.2 5 .6
BRACHIAL ARTERY 2.2 1.9
E FEMORAL ARTERY Trace 0.78
FEMORAL VEIN 0.66 1.49
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TABLE 5 LISTS THE 5-HT C(NCENTRATION ( in  mg/G) IN BIOPSY SAMPLES 
PROM VARIOUS SITES, WITH THE HISTOLOGICAL ASSESSMENT AND 5-HIAA 
EXCRETION IN EACH CASE. THE HISTOLOGY WAS ROUGHLY GRADED CN THE 
BASIS OP THE DEGREE OP GRANULATION DISCLOSED BY THE USE OP THE 
SPECIFIC DIAZO STAINING METHOD.
NOTE THE LOW VALUES FOR THE APPENDICULAR CARCINOID IN (A) , IN 
CONTRAST TO ( b ) AND (C) WHICH WERE CLASSICAL CASES OP THE SYNDROME.
(D) WAS FROM A RECURRENT CASE, WITH REAPPEARANCE OF SYMPTOMS.
(E) WAS A NGN-ARGENTAFFIN ARGENTAFFIN OMA WITH PROVED PRIMARY AND 
SECONDARY TUMOUR TISSUE: THIS HISTOLOGICAL ANOMALY OCCASIONALLY 
OCCURS.
SITE
HISTOLOGY
(granulation)
BIOPSY
mg/G
URINARY 
5-HIAA 
mg/24 hrs.
A APPENDIX . ++ 0.2 4.9
B ILEUM +++ 4.1 210
C DUODENUM & 
2 IN ILEUM +++ 1.3 , 0 .9 , 1.5 82
D ILEUM.
RECURRENT CASE ++ 2.1 44
E METASTASIS 
( CSSEUS)
(also  non­
argentaffin)
4 160
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w ith  in volved  nodes and secondaries in  the l iv e r .
(d) I t  should he remembered that any reduction o f the secre to ry  
m ass, even through lo c a l e x c is io n , may help to  reduce the in te n s ity  
o f f lu sh e s  and other system ic e f f e c t s ;  i t  may on occasion , fo r  
in s ta n c e , be p o ss ib le  to  remove some o f the secondaries from the 
l i v e r ,  but th is  should not be entered in to  l ig h t ly ,  sin ce death may 
fo llo w  handling o f the tumour due to sudden re lea se  o f 5HT. The 
operation  should be done w ith  the minimum of trauma, w ith the 
a n a e s th e t is t  forweam ed of p o ssib le  hypotension and bronchospasm, 
u sin g  p o ss ib le  an tid o tes  to  these e f f e c t s .
(e )  R ectal carc in o id s may be treated  by lo c a l e x c is io n , but
i f  in v a s iv e  may require an ter ior  resection  when s itu a ted  in  the upper 
rectum , or abdomino-perineal ex c isio n  when s itu a ted  in lower rectum.
( f )  For the p a tien t who has had a laparotomy performed for  an 
inoperab le tumour, y et survives 3-5 years a fte r  th is ,  general medical 
measures aimed a t minimising the flu sh in g  a tta ck s , reducing bronchospasm, 
diarrhoea and oedema must not be overlooked. X-ray therapy probably i s  
in e f f e c t iv e  (Foreman, 1952).
(2 ) Medical management.
Various pharmacological antagonists to 5^T may be tr ie d  c l i n i c a l l y , 
among which are chlorpromazine (Gyermek, 1955)» brom -ortholysergic acid  
diethylam ine (B .O .L .) (C e r le tt i and R othlin , 1955; S o lero , Page, Salm oir- 
sagh i, 1956), /
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1-b en zy l - 2 ,  5 dim ethyl seroton in  hydrochloride (B .A .S .) (Shaw and 
W oolley, 1956). Cfci the whole, usage of these substances has produced 
d isa p p o in tin g  r e s u lts  (Schneokloth, Page, Del Greco and Corcoran,
1957). A ntihistam ine drugs (Snow, Lennard-Jones, Curzon and S tacey , 
1955) have been suggested  on the assumption that the flu sh in g  a ttack s  
might have been provoked by the re lea se  of histam ine in  the t is s u e s  
and have been reported to  be of b en efit in  some oases (Davison and 
S an d ler , 195^). Few o f these agents have proved b e n e f ic ia l.  The 
ad m in istration  o f rad ioactive  gold (198 Au.) intravenously may 
produce a s h o r t- liv e d  b en e fit  (Daugherty, Manger, Roth, F lock , Childs 
and Waugh, 1955? GoUle, Hay and Sandler, 1955? S tacey , 1957). Agents 
which antagonise adrenaline such as ergot a lk a lo id s may be given a 
t r i a l  (Shaw and W oolley, 1953). Woolley and Shaw have prepared numerous 
a n tim eta b o lite s  o f 5HT and i t  seems reasonable to expect b en efit  
e v en tu a lly  from an tagon ists of th is  type (Schneckloth, Page, Del Greco 
and Corcoran; Shaw and WodRey, 1957).
In p a tie n ts  w ith flu sh in g  attacks provoked by excitem ent or 
embarrassment, b e n e fit  may fo llow  the adm inistration o f phenobarbitone, 
30 mg. (i|- g r . ) or o f a tr a n q u ill is in g  agent. Probanthine $0 mg. o ra lly  
or in tram uscularly may lessen  the diarrhoea, which may a lso  be reduced 
in  s e v e r ity  by chalk and opium powder. Aminophylline may be b e n e fic ia l  
i f  resp ira to ry  d is tr e s s  is  a feature of an antihistam ine such as p ir ito n  
may help  in  g iv in g  temporary r e l i e f  from th is .  The unpleasant cyanosed 
appearance/
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appearance in  the co ld  may force many p a tien ts indoors; i t  i s  an 
im pression that bronchospasm occurs more severe ly  and most o ften  
in  co ld  w eather. P ellagra  and other vitamin d e f ic ie n c ie s  should be 
avoided by the adm in istration  o f n ic o t in ic  acid  p aren tera lly . I f  
the plasma p ro te in s are low, general improvement may fo llow  blood 
tr a n sfu s io n . L it t le  improvement fo llow s r e s tr ic t io n  of protein  
in tak e in  the d ie t ,  sin ce  the tumour draws h ea v ily , (see Chapter s i x ) ,  
on the a v a ila b le  tryptophan to form an unvarying amount o f 5HT. 
O ccasion ally  the consumption of te a , co ffee  and fa ts  may tr ig g e r  
the f lu sh in g  a ttack s and these may have to be omitted from the d ie t;  
a lc o h o l alm ost always provokes in tense flu sh in g . I t  i s  u n lik e ly  that 
many o f  these p a tien ts  w i l l  ever be considered f i t  for  operative tr e a t -  
:ment o f the heart va lves because the le s io n s  occur so la te  in the 
n a tu ra l h is to r y  o f the syndrome and because the operative r isk  i s  a 
high one•
DISCUSSION.
The growth o f knowledge concerning the physiology and pharmacology 
o f 5“^ <^r02y"kI’yP"kami ne kas 6^6** a f as t  one but the precise ro le  o f th is  
substance has not y e t been e lu c id ated . The carcinoid  syndrome provides 
the c l in ic ia n  in v e s t ig a to r  with f r u it fu l  m aterial in the manner that the 
study o f Addison’ s d isea se  aroused in te r e st  in  and paved the way for  our 
modem knowledge o f the hormones of the adrenal gland, so may the study 
of th is  syndrome help e lu c id a te  our knowledge of mental and gastro ­
i n t e s t i n a l  p h ysio logy , vascu lar and resp iratory physiology, and the  
l i k e .  I t  seems strange that the syndrome has remained undetected , in
/
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in  the modern se n se , fo r  so long; in  th is  respect i t  i s  worth r e c a llin g  
th a t the c l in i c a l  fea tu res had been w e ll documented almost th ir ty  years 
ago, though unfortunately  ascribed to  carcinom atosis and before the 
ro le  o f 5HT (s e r o t in  enteraraine) had been elucid ated  (C assidy, 1930),
A review  o f the featu res of argentaffin  tumours or carcin o id s  
i s  th erefore  j u s t i f ie d  by the in te r e s t  which has been aroused by the 
d isco v ery  that they secre te  an important new hormone, 5*"Hydroxytryptamine. 
The study of p a tien ts  w ith  th is  condition may enable the in v e s tig a to r  
to  e lu c id a te  the normal p h y sio lo g ica l role of the new hormone; on the 
other hand a knowledge of the complex human actions of 5HT, i t s  form­
a t i o n  from parent substances, and i t s  degradation pathways and 
products may enable one to  e s ta b lish  new features of the syndrome and 
plan e f f e c t iv e  treatm ent accordingly.
The fea tu res  of the syndrome may be d iverse in  th e ir  m anifest­
a t io n s  s in ce  there may be not only 5HT e f fe c ts  present, but those o f  
a more general disturbance of tryptophan metabolism. This w i l l  be 
d iscu ssed  in  d e ta i l  in  the next chapter.
SUMMARY.
The in c id e n c e , a e t io lo g y , pathology, h istogen esis  and h isto lo g y  
o f  argentaffinom a i s  f i r s t l y  surveyed.
This account continues with:
i )  a review  o f nine cases o f metastasing argentaffinoma and 
the fea tu res  a ttr ib u ta b le  to 5ET secretion ; blood le v e ls  o f have 
b een /
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been examined in  eaoh ca se .
i i )  the a p p lica tio n  of a urinary t e s t  fo r  5HIAA, the oxidation  
product o f 5HT, which has provided a u sefu l way o f d etectin g  over­
production o f 5HT by the tumour. Various ap p lication s of the t e s t  
have been made, in  p a rticu la r  to  check whether a l l  the tumour has 
been era d ica ted , and in  th is  way to  a ssess prognosis.
i i i )  Therapeutic measures should be planned so  as to  remove the 
tumour or am eliorate the e f f e c t s  of 5HT on the major systems of the 
body and in  p a r ticu la r  on the h eart. This may be p ossib le  by the 
use o f  s p e c if ic  an tagon ists and by radiotherapy, including the use 
o f is o to p e s , in  advanced cases where su rg ica l removal may not be 
p o s s ib le .
CHAPTER SIX.
The in terr e la tio n sh ip s  of tryptophan, 5-HTP and 5-HT 
in  carc in o id  patien ts?  the acid  gastr ic  secretion  in  
th ese  cases and the e f fe c ts  of a lcoh o l, h istam ine, 
reserp ine and ip ron iazid .
s f - '  ' . I t
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CHAPTER SIX.
^ ■e.,,,.in te r r e l g:.^ 0^ship.s of tryptophan, 5HTP and 5HT in  carcinoid  
the j ic id  g a str ic  s e c r e t ion in these oases and the e f f e c t s  o f  
a lc o h o l ,  h istam in e, reserpine and ipron iazid .
In Chapter S ix  the degradation of 5HT is  further d iscussed , as i s  
i t s  form ation from precursors. Evidence i s  presented to show that 5HTP 
may have to  he considered as much the hormone of the argentaffin  c e l l  
as i s  5HT. Evidence fo r  th is  was already in  our hands when the 
experim ents described  in  Chapter Three were being performed and, as has 
alread y  been r e la te d , th is  influenced the experimental emphasis 
co n sid era b ly .
Although i t  i s  accepted from b io lo g ic a l and biochemical evidence 
th a t 5HT owes i t s  or ig in  to  L-tryptophan, th is  has only recently  been 
confirm ed by ou rselves and Udenfriend for  the human subject. This has 
been done by showing that L-tryptophan i s  converted to 5HT, but another 
s tr ik in g  d iscovery  has been the iso la t io n  of 5HTP from human carcinoid  
from one o f  our p a tien ts  w ith  m etastatic carcinoid tissu e  in the kidney. 
This im p lies  th a t 5HTP was made by the tumour c e l ls  in th is  secondary 
d ep o sit and i s  a function  o f them. I t  a lso  im plies that these c e l ls  
must be capable of hydroxylation of tryptophan.
The e f f e c t  o f various d ie ts  on 5HT blood le v e ls  has a lso  been 
stu d ied  in  th ese  ca ses; i t  had been reported that fa tty  meals precip itated
f lu s h in g /
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f lu sh in g  a tta ck s  and i t  could have been the case that fa t  re leased  
in h ib ito r y  hormones such as enterogastrone, which in  turn require 5HT 
fo r  th e ir  a c tio n  on the stomach.
The e f f e c t  o f  a c id  secretagogues such as a lcohol and histam ine 
has been examined to  see  whether they release  5HT as part o f th e ir  
secre to r y  stim u lan t a ctio n  or in  response to i t .  Acid g a s tr ic  
se c r e tio n  has been examined in  severa l secre tin g  ca ses , and in  some 
n o n -se c r e tin g  ca ses  given reserpine to  dep lete 5HT or ip ron iaz id  
which p o te n t ia te s  i t .
1. M etabolism o f  5HT.
5HT i s  derived  from the precursor 5“hydroxytryptophan which i s  
in  turn d erived  from the e s s e n t ia l  d ietary  aminoacid tryptophan. The 
f i r s t  s te p  in  the production of these compounds from tryptophan i s  a 
hydroxylation  process by an enzyme, tryptophan hydroxylase, reported  
by U denfriend (U denfriend, Clark and T itu s , 1953) in l iv e r  and kidney. 
5-hydroxytryptophan (5HTP) i s  then converted to  5HT (F ig . l )  by means 
o f a s p e c i f ic  decarboxylase. Carcinoid t is su e  contains a rich  store  o f  
th is  enzyme. 5HT i s  rap id ly  ox id ised  by amine oxidase which i s  w idely  
d is tr ib u te d  in  the lung, l iv e r  and kidney (Bradley e t a l ,  1950» Blaschko 
and P h ilp o t, 1953? Gaddurn and Giarmin, 195^) • p rin cipa l product o f
the o x id a tiv e  process i s  5“Hydroxyindole a c e t ic  a c id , 5HIAA, which i s  
excreted  in  the u r in e . Other hydroxy indoles are formed, as w e ll as 5HIAA 
and the fu r th er  breakdown products, hydroxyindoleacetic (HIAA)? we have 
d escr ib ed /
-  333 -
THE 5-HIAA PATHWAY
Tryptophon
5-hydroxytryptophan
5-hydroxyindole o c e t ic  odd
DIET
I
• TUMOUR
-B L O O D  
f—URINE ■-
F ig . X i l lu s t r a t e s  the 5-HIAA pathway -  for comparison w ith F ig . 9 
in  the previous chapter. The figu re i l lu s t r a t e s  the s i t e s  
a t  which the precursors of 5-WE are formed^ and o f and
5-HIAA formation them selves.
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F ig , 2. Diagram o f  the 2 -dimensional paper chromatographic pattern
given  by the urinary in d o les and re la ted  substances excreted  
by Case 19. Spots marked U, u n id en tified ; I ,  5-HIAA;
2 ,  i n d o l e - a c e t i c  a c i d ;  3 ,  i n d i c a n ;  A , 2- a m i n o - 3h y d r o x y a c e t o -  
i p h e n o n e  O - s u l p h a t e ;  5 ,  t r y p t o p h a n ;  5 ,  p r o b a b l y  5 - h y d r o x y -  
i n d o l e a c e t i c  a c i d  O - s u l p h a t e .  T h e  d o t t e d  s p o t s ,  7 a n d  8 , 
r e p r e s e n t  t h e  p o s i t i o n s  o c c u p i e d  b y  5- h y d r o x y t r y p t o p h a n  a n d  
5- h y d r o x y t r y p t a m i n e  r e s p e c t i v e l y ;  n e i t h e r  o f  t h e s e  s u b s t a n c e s  
w a s  p r e s e n t  i n  t h i s  u r i n e .
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d escrib ed  14 in d o les  in  the urine o f carc in o id  p a tie n ts  (F ig . 2 ) .  
Sjoerdsma e t  a l .  were able to  recover 80$ o f adm inistered fjHT as  
5HIAA, the re s id u a l amount presumably being converted to  the other  
hydroxyindoles (a  sm all portion  o f normal u rin a iy  5HIAA may be 
derived  from other so u rces) .
2 . Hole o f 5HTP.
S in ce tryptophan decarboxylase was held to  be absent from the  
tumour by U denfriend, i t  was assumed that tryptophan underwent 
conversion  in  the l i v e r  and kidney to  5HTP, w ith  la te r  conversion o f  
5HTP to  5HT a f te r  uptake o f 5 HTP by the tumour, or in  other t is s u e s  
con ta in in g  decarboxylase. We have described a case o f some importance 
in  which 5HTJ? as w e ll as 5HT was secre ted  in  the urine (F ig . 3 ) .
In th is  ex cep tio n a l case w ith  m ultip le m etastases (F ig . 4)>
5EP and 5STP were both present in  the urine in  considerable amounts 
(F ig . 5) .  This confirms the p ostu lated  route o f formation o f  5HT fo r  
the human case s in c e , in th is  su b je c t’s urine the precursor, a c t iv e  
substance and breakdown product were present togeth er. I t  can be 
deduced that the tumour, and so presumably the normal a rg en ta ffin  
c e l l s  from which the tumour has a r ise n , must be capable o f 5-hydroxylation  
o f tryptophan (F ig . 6) according to  the scheme o u tlin ed . I t  fo llo w s that 
the major fu n ction  o f the a rg en ta ffin  c e l l s  may not only be the lo c a l  
r e le a se  o f  5HT but the manufacturers of i t s  precursor, 5HTP fo r  general 
c ir c u la t io n  to  various other c e l l s  which decarboxylate i t  and turn i t  in to  
the a c t iv e  hormone lo c a l ly .  This would account for  the fa c t  that though 
5HT i s  produced by d if fe r e n t  kinds of c e l l s ,  no other kind o f tumour
-  3 3 6  -
>  20% AQUEOUS K C t
(second solvent)
F i g .  3 s h o w s  a  p h o t o g r a p h  o f  t h e  d e v e l o p e d  c h r o m a t o g r a m  i n  a  
p a t i e n t  s e c r e t i n g  5-HTP a n d  5-HT. 'Two d i m e n s i o n a l  
c h r o m a t o g r a m s ,  d e s c e n d i n g  t e c h n i q u e ,  Y /hatm an N o .  1 p a p e r ,  
u s i n g  t h e  s o l v e n t s  i n d i c a t e d .  I n d o l i c  s u b s t a n c e s  w e r e  
l o c a t e d  u s i n g  E h r l i c h ’ s  r e a g e n t .
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F i g .  4  i s  a  p h o t o g r a p h  o f  a n  i n t r a v e n o u s  p y e l o g r a m  o b t a i n e d  i n  
t h i s  p a t i e n t  a n d  s h o w s  t h e  e x t r e m e  d e f o r m i t y  r e s u l t i n g  
f r o m  r e n a l  m e t a s t a s i s  i n  t h i s  c a s e .
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Fig* 5# Diagram o f the 2-dim ensional paper chromatographic
pattern  of urinary in d o les and re la ted  substances excreted  
by Case 18. The numbers have the same s ig n if ic a n c e  as in  
F ig . 2 . The dotted sp o t, R, shows the p o s it io n  o f  
r ib o f la v in , detected  by i t s  fluorescence and u se fu l as a 
marker.
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ARGENTAFFIN CELLS, WITH r6 lE OF 5 HTP AND 5 HT
DECARBOXYLASE 
A ACTIVITY
5 H T P ______ »  — 5 HT
L.TRYPTOPHAN
5 HTP -  5 HT
5 HTP
AT SITES OF 
DECARBOXYLASE ACTIVITY
<- -
5 HT
CONVERSION
LOCALLY
F ig . 6a. The most simple hypothesis i s  that 5-HTP already formed 
in  the l iv e r  or elsewhere i s  converted to  5-HT in  the 
a rg en ta ffin  c e l l ,  whence i t  i s  re lea sed .
F ig . 6h. An a lte r n a tiv e  h ypothesis, advanced a f t e r  recogn ition
that carcinoid  t is su e  contains 5-HTP, envisages i t  as the  
lo c a l hormone o f the argen ta ffin  c e l l .  5-HTPmay he 
converted lo c a lly  in to  5-HT, but the grea ter  part probably 
a cts  as a source o f supply fo r  other t is s u e s .
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produces ex ce ss  o f  i t .
A ty p ica l c a s e s ,  such as th is  one se c r e tin g  5HTP, may owe th e ir  
unusual fea tu res  to  an unusual c e l lu la r  com position; i t  has been 
su ggested  th a t some tumours are argyrophil rather than a r g en ta ffin  in  
type (Sandler and Snow, 1953). This unusual type o f carc in o id  may 
have osseous m eta sta ses , a brick  red f lu s h , 5HTP and 5HT in  the u r in e , 
and a h igh  urinary h istam ine. The flu sh in g  a ttack s in  th is  type o f  
ca se  may be the r e s u lt  o f histam ine lib e r a tio n  in  the t is s u e s  (se e  
Chapter l )  s in ce  they could be attenuated  by treatment w ith  an 
a n tih ista m in e .
3 . The e f f e c t s  o f various d ie ts  on 5HT blood le v e ls .
(a ) R ela tion sh ip  of 5HT to  tryptophan and protein  in ta k e .
The tryptophan requirement fo r  normal 5HT production i s  sm all 
compared w ith  tryptophan intake (500-1000 mg/day). However, when 
argentaffinom ata are present 5HT production can be enormously in creased , 
e . g . ,  in  the cases reported 5HIAA excretion s up to  600 rag./day were 
encountered. In such cases a major part o f tryptophan intake must be 
u t i l i z e d  fo r  5HT production.
This m atter was in v estig a ted  in  some d e ta i l  and more c u r so r ily  in  
three o th ers . In the f i r s t  case the d a ily  output of 5HIAA showed two 
c le a r ly  defined  phases. In the f i r s t  phase the d a ily  output was 
remarkably con stan t. The va lu es shown in  Figure 7a were obtained w hile  
the p a tien t was on an u n restr ic ted  ward d ie t ,  immediately p rior  to  the 
d ie ta ry  experim ents. A fter the d ietary  experim ents, described  below,
th e /
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F ig .
4 0 0 -1
30 0 -
>
U nres t r ic ted  
ward diet  10 
weeks before 
death.
82g protein per day 3 weeks 
before death.
200 “
100-
8
S U C C E S S I V E  DAY 
- l a  >  < ------------------ -1 b
5-HIAA ex cr e tio n  in  Case 19* Showing the constant  
excretion  during the e a r lie r  part o f  h is  s ta y  in  
h o s p ita l (7a) and the ir r e g u la r ity  o f  ex cr e tio n  produced 
la t e r ,  presumably by n ecrosis  o f the tumour (7b)*
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the p a t ie n t  en tered  a phase o f  marked v a r ia t io n s  in  d a ily  gWTAA output, 
even on a con stan t p ro te in  in ta k e , and th is  prevented fu r th er  balance 
s tu d ie s .  This phase continued t i l l  the p a tien t* s  death . T ypical 
v a r ia t io n s  in  gHIAA output during th is  phase are i l lu s t r a t e d  in  Pig* lb .  
I t  i s  p la u s ib le  to  a s so c ia te  t h is  change w ith  the onset o f  the ex te n s iv e  
recen t n e c r o s is  found a t post-mortem in  the major m eta sta sis  in  the l e f t  
lobe o f the l i v e r .
Cn a p ro te in  intake o f 82 g/day the p a tien t was in  p o s it iv e  n itro g en  
b alan ce. H itrogen balance became n egative  on reducing p ro te in  in take to  
31 g ./d a y ;  i t  was not restored  by adding 50°  L-tryptophaa/day to  the  
31 g . p ro te in  d ie t ,  but returned to  i t s  previous p o s it iv e  value on 
retu rn in g  to  the 82 g . protein  d ie t  (P ig . 8 ) .  The n ega tive  n itrogen  
balance was th erefore not due to  a sim ple tryptophan d e f ic ie n c y . On the 
82 g ./d a y  p rotein  d ie t ,  mean 5EIAA excretion  was 312 mg./day (P ig . 8 a ) . 
This dropped to  a mean o f 224 mg/day on the 31 g ./d a y  p rotein  d ie t  
(P ig . 8 b ), rose to  a mean o f  301 mg./day on supplementing the d ie t  w ith  
500 mg. L-tryptophan (P ig . 8c) and returned to  a mean o f 222 mg./day on 
return ing to  the low protein  d ie t  (P ig . 8d ). The 500 mg. _L-tryptophan/day 
added to  the d ie t  in  stage 8 corresponded to  the estim ated  tryptophan 
content o f  the 51 g ./d ay  drop in  p rotein  content of the d ie t  between 
sta g es  8a and 8b. Of th is  500 mg. tryptophan, approxim ately o n e - f if th  
appeared as urinary 5HIAA. I t  fo llow s that a larger  amount than th is  
was probably m etabolized by the 5HT pathway ( o f .  d iscu ssio n  above). On 
the low protein  d ie t  the tryptophan intake was only o f the order o f
300-400 mg./day and/
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F ig *  8 , 5-H A A  excretion  in  Case 19* the e f f e c t s  o f the le v e l  o f
protein  and tryptophan in tak e. A low p rotein  intake reduced 
the 5-HIAA output s l ig h t ly  u n less the tryptophan intake i s  
maintained.
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and probably more than tw o-th ird s o f  th is  was m etabolized by the 5HT 
pathway.
In the three o th er cases  observations were lim ited  to  the 
dem onstration o f a sm all r i s e  in  5HIAA excretion  on a high p rotein  
d ie t  (Table l )  and a s ig n if ic a n t  f a l l  in  5HIAA ex cretio n  on a low 
p r o te in , h igh  f a t  d ie t  (F ig . 9)« nitrogen  balance s tu d ie s  were 
done in  th ese  cases nor was tryptophan given during the low p rotein  
stage o f the t e s t  but the r e s u lts  confirm  the fin d in gs already g iv en .
These fin d in g s are b est explained by assuming that the tumour has 
a b asic  ra te  o f production o f 5HT* an(  ^ w i l l  draw on c ir c u la t in g  plasma 
tryptophan t i l l  th is  b asic  production i s  s a t i s f ie d .  Increase in  
a v a ila b le  tryptophan may increase the rate o f production o f 5HT by the 
tumour s l ig h t ly ,  but not in  proportion to  the increased  a v a i la b i l i t y .  
U n til the b asic  tumour produotion o f 5HT i s  s a t i s f ie d  the tumour may 
ex er t p r io r ity  fo r  a v a ila b le  c ir c u la t in g  tryptophan over protein  
b io sy n th e sis  and at low le v e ls  of protein  intake an argentaffinoraa may 
s e r io u s ly  impair the n u tr it io n a l s ta tu s  o f a p a tie n t.
Most inhabitants o f th is  country achieve a d a ily  intake o f 1 g . o f  
tryptophan, which should s u ff ic e  fo r  not only the tryptophan requirements 
of the tumour but a lso  the needs o f normal protein  sy n th e s is , which are 
com paratively sm all (under 250 mg. a day, in  a l l  ad u lts in v e s tig a te d  by 
Rose e t  a l . ,  1954)* TIie present r e su lts  a lso  suggest that i f  n u tr it io n a l  
d e fic ie n c y  i s  suspected, the protein  content o f the d ie t  could be 
in crea sed /
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TABLE 1 .
EFFECT OF HIGH PROTEUS DIET Q? DAILY URINARY EXCRETICN 
OF 5HIAA.
Mean le v e l  on 
normal h o sp ita l  
d ie t  (mg.)
Levels on high  
protein  d ie t  
(ag*)
Case 2 41 44? 47.6? 41
Case 4 250 286? 2955 292
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[Ordinary
Diet
OOttyBoy
5 0 040
Case 2
4 0 0
50
Case 5
C a se  4*
3 0 0
20
200
V - - * '  ' C a s e  1810
too
0 4
1 2  3 4  1 2 3 * 5 6
D a y  o f  E x p e r im e n t  
9b *"* 9b--------------------- *•----9a------------ 9b------ 9c
F ig , 9 , 5-HIAA excretion  in  4 p a tie n ts ;  e f f e c t  o f  a high fa t  d ie t .
There i s  no s ig n if ic a n t  i n i t i a l  r ise  a f te r  s ta r t in g  the f a t  
d ie t ,  and i t  i s  follow ed a f te r  a day or two by a f a l l  due to  
the low p ro te in  content o f  the d ie t .
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in creased  w ithout causing  an undue in crease in  5HT production by the 
tumour. I t  should , however, be noted that diarrhoea freq u en tly  
accompanies d issem inated argentaffinom a and might unfavourably 
in flu en ce  the n u tr it io n a l p ic tu r e .
The c la s s ic a l  carc in o id  syndrome may be modified in  yet another  
way. I t  has been e s ta b lish e d  in  the manner ju st  recorded that the 
source o f  5HT i s  the d ie ta ry  tryptophan; in  some cases a very large  
proportion o f the normal intake o f tryptophan i s  d iverted  to  meet 
the requirement o f the tumour in  the formation of 5HT and t h i s ,  
combined w ith  the diarrhoea often  p resen t, leads to  a considerab le  
r isk  o f tryptophan d e fic ie n c y . S ince tryptophan i s  the precursor 
o f n ic o t in ic  a c id , th is  becomes apparent as n ic o t in ic  acid  d e fic ie n c y  
or p e lla g r a .
I t  would a lso  appear from the above stu d ies  th at the tumour lias a 
b asic  ra te  o f production of 5HT; we have shown that in creases in  
a v a ila b le  tryptophan on a high protein  may increase the rate o f  
production o f 5HT s l ig h t ly  but not in  proportion to the increased  
a v a i la b i l i t y .  The tumour draws on a l l  a v a ila b le  c ir c u la t in g  plasma 
tryptophan t i l l  5HT production i s  s a t i s f ie d .  Sjoerdsma e t  a l .  (1957) 
have examined some of these poin ts in  d e ta il ;  they found th at the plasma 
tryptophan was low in carcinoids even on a tryptophan intake exceeding  
1000 mgms. and a t a time when there had been diarrhoea or change in  
w eight. They/
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They a ls o  found that the urinary excretion  o f I-m ethyl nicotinam ide 
was low est in  the cases w ith  the h igh est urinary hydroayindole 
e x c r e tio n . S tud ies w ith rad ioactive  5HTP enabled them to  estim ate  
that some o f those cases had a tumour pool o f over 2000 mgms. of 5HT, 
which i s  a l l  the more s tr ik in g  when one r e c o lle c ts  that serious  
pharm acological changes may fo llow  the system ic in je c t io n  o f  
1-2 milligrammes.
(b) R elation sh ip  o f 5HT to  fa t  in tak e.
In one p a tien t in v estig a ted  by Bleehen ( 1955) the flu sh in g  attacks  
occurred reg u la rly  w ith in  a few minutes of ea tin g  a fa t ty  meal. To 
exp la in  such a phenomenon i t  was suggested that fa t  might re lea se  5HT 
from i t s  tumour depots e ith e r  d ir e c t ly ,  or v ia  an interm ediate mechanism 
such as the re lea se  o f hormones ( e .g .  s e c r e t in , enterogastrone) (Lancet 
E d ito r ia l ,  1955? Sjoerdsma, Weissbach, Terry and Udenfriend, 1957)*
D irec t examination o f p a tien ts  on high fa t  d ie t  f a i le d  to  d etect an 
in crease  in  in d oles excreted  ( in  f a c t ,  the reverse was p resen t). (F ig . 9)*
4 . R elease o f 5ET by drugs which are reputed to  be acid  secretagogues.
E ffe c t  o f a lcoh o l and antabuse on 5HIAA excretion . F lushing i s  
o ften  ex c ite d  by the intake of a lcoh o l in  argentaffinom atosis (Snow e t  
a l . ,  1955). We have been unable to  demonstrate any co n sisten t r is e  in  
5-HIAA excretion  a f te r  taking 50 ml. o f a lcoho l (30^ U .P .) in  any o f 
our p a t ie n ts ,  whether measured in  24-hour periods or in  4 -hour periods 
(Table I I I ) ,  though a l l  showed marked flu sh in g  in  response to  the dose.
S ince antabuse (tetraethylth iuram  d isu lph ide) acts  by preventing
th e /
E
ff
ec
t 
of 
a 
si
ng
le
 
do
se
 
of 
al
co
ho
l 
(50
 
m
l, 
30^
 
U
.P
.) 
on 
5~*
HI
AA
 
ex
cr
et
io
n
in 
(a
)4
-k
ou
~r
'"
pe
ri
od
s 
an
d.
 
(\>
) 
24
-h
ou
r 
pe
ri
od
s*
cq
cd 'd
H h OO © rC)
f-i -P O
-P  Ch  O
f l  dOo
A
P  p H 
•H  Ois xi o
>5 O
d  p H
d
CD O  
t> » X t It o o
p H
dou
p
ao Ch o  ©
orn
ONrH
UN■sj- 5^-
r*~ in  ro ro
i n
nj- m
o
COvo
CM
VO O 
CO C— 
CM r<~)
ON CO 
UN UN
-p
d
© •
d ©
o 1 u
© A
©
A ■sj-
d
00
OAO
to ofH rH
d d o
©
^  -p
<H
d
CD pH U O 
A  A  o•d- o
rH
pH O£h © 
-P fH
g r°o cm o  ©
ro i n
i n or<N
COm co
ON *3-•d- oCO U NCM
CM
©©do
rO
©©
do
©©
do
-pd
©Pi
©
CO
©
03
do
'£3ss o f  aMaEdaJaferhgnte I mrm S lim n  © id y l ©inikcO. *mrj s in c e  A te
osdaia'tiiDn nF 5ET d® gffiM  jroacBeexiB ddmmgli -the e iag e  gc£f 3~2^h3M3^n&ia-*- 
aasfilaifeigcfej, i l l  ©smsed jooBeitOgB iJ te t sirtetia^e ;nli^JJt '-]£b«3fc ti®  ahksagiagrtri; 
inriiH>dgiaai oof idzjas Bid c hy-de dro 3IHAA arid iesaxl d® «n  azc®iiMlladyi©ii c f  the 
eJite-hv.de in  Hie iio c iL  ihe drug vtam jp^san in  %&&&& x £  U.3 -&./-s!m$f tc  
twn jadtyaxEt®^ in  Item s 3  i t  jtecL .nc slStesszb and tw  Change in  iliiM  
sx n rfiiio n  c m id  'iss -BdweocxmiL in  Item s 33H iim M ng,* n a m e s  anti -v»iait:iri^ 
ncGirmseii bdbii a f te r  i t  wa® © tajrted, a ril a  .mofimaesfcs but jpncbnbiy 
© ijpxificfiirt incrseass in  ©accagsdiflii n f bcth  5KIM and 3Ifl' ©ecuraeed in  ib e  
I r i im in g  d^s* . iiffiB© e^j^jiaiend®  j.’e^.uise ae^pedliddbjru
Jtem sxg& zm * S inae m m  s £  tire main a c iim e  s if j^ c c j^ irte  in  \tiae 
noruEil s u b je c t 3® i n  i ib e m ie  _^3? &b -v s ti-o u s  jsxksm  .(Sitase a£U,, 3925)-* 
i t  ©sfiiaaii weodiii v b iie  ® te£rving tiie e f fe c ts  ®j£ ^jae djcwg i n  ^gsndte!f^iiro<Ba 
ease®.* i n  each ease  dsi® © ntetence <vm$ -j£b*a» fen  jw» i& y in  -the
.xmraiei © ib jae t i-~3 jag.. asesfaggitte jow iuoea f i s h i n g  i f  "fche #
c ijsE aetex ie tap  ©wffneimi jx? the end .*Sfci£ht f& Sie i n  Ito ah
pjecesune.* 9he u rin a ry  e ^ r e i i e n  e»f‘ 5KU &  -w&  in c reased  cp ttfee dd%y d£f 
a a n in in im tio ri (pig,. it) )  and in  ©ne ease  en id s  ew ceeeding ia y  aie©,. in  
.jksb rpjf t ie  .^ i^ ctB^gjawaae. e»s»e t&fee c^ntiene dif
p/rey-ched an  -e^r&Lil iin cs^ ise  i n  ffeegi^RPif end  in te n s ify  <ef i£EU^iwp aswd 
in  en in  iw&d riiP^ Hiwpe^  ((ttiLin ifeatten jfeftlEWJ®!* <*1
BjOb therapy  art rtjae -tiiae ';^Llaw...) i n  aanh  caaea :tbe
-  3 5 1  -
Reserpine-^ Hushing
\jA U bB m ul Colic 
l^nrn&oca120
100
~o 
^  6 0
6 0
«° 20
X
54521321
-300-
D ay o f E x p e rim e n t
----------- 30b-
Fig* 10* excretion after infection of reserpine in 2
(1 iqg, )  and. a control (3 ^g*)*
-  352 -
of reserp ine was fo llow ed  by a r is e  in  5HIAA output. The subsequent 
f u l l  in  5HIAA excretion  could be in terp reted  as in d ica tin g  a period  
o f restorage o f 5BT in  the t is s u e s  (F ig . 10).
Our r e s u l t s , th e r e fo r e , in d ir e c t ly  confirm the action  of reserpine  
in  f a c i l i t a t in g  re lea se  of 5HT in the human subject and they point to  a 
strong p a ra lle lism  between the f lu sh  induced by the drug in the normal 
su b jec t and the c h a r a c te r is t ic  f a c ia l  flu sh  of the argentaffinoma 
syndrome. These fin d in gs suggest that during the prolonged use of 
th is  drug a ca re fu l watch should be kept fo r  the development o f the 
la t e r  card io -vascu lar  com plications.
Histam ine. In view of the report from the Mayo C lin ic  (Daugherty 
e t  a l . ,  1955) increased  secre tio n  o f i t s  hormone by a carcino id  tumour 
a f te r  in je c t io n  of h istam ine, in  a manner s im ila r  to  that induced in  
phaeochromocytomata, th is  substance was in jec te d  in to  four o f our 
p a t ie n ts .  I t  produced flu sh in g  w ith  headache in  every case and a 
s ig n if ic a n t  r is e  in  5HIAA excretion  in  Case 4 suggested that an increased  
amount o f 5HT had been lib e ra ted : th is  was n o t , hcwever, so s tr ik in g ly  
demonstrated in  the other cases (Table 3 ) .
5. g a s tr ic  function  in  carcin o id  cases*
(a) S ecretory  tumours: Four cases were secre to ry , as fa r  as could be
judged from the c l in ic a l  appearances o f f lu sh in g , almost con tin u ou sly .
They have been examined a f te r  histam ine stim u lation  but histam ine t e s t s  
were not in  them selves con clu sive ; achlorhydria in  2 out o f 4 p a tien ts  
(b o th /
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TABLE 3.
E ffe c t  o f a s in g le  in je c t io n  of 0 .5  mg. o f histamine 
acid  phosphate on 5-HIAA excretion  (m g.)7
2 hours
before
in je c tio n
2 hours
a fte r
in je c tio n
24 hours
before
in jec tio n
24 hours
a fte r
in je c tio n
Case 2 - - 45 49
Case 3 4 .4 5 .5 32 38.4
Case 4 29 53 262 401
Case 18 14.8 15.9 146 178
X-"-'
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(both e ld e r ly  women) being s e t  a g a in st a normal acid  output in  the 
two men. The urinary ex cretio n  o f pepsinogen by these ca ses  i s  
q u ite  remarkable, however (F ig . 1 1 ). By the method used (S ir c u s ,
1954) most normal su b jects  gave fig u res  fo r  d a ily  excretion  in  the 
region  o f 400 u n its  and fig u res  over 600 are rarely  seen except in  
the presence o f duodenal u lce rs;  p a tien ts  w ith  histam ine fa s t  
achlorhydria u su a lly  excrete n e g lig ib le  or undetectable amounts of 
uropepsin , and in  most normal su b jects uropepsin excretion  and a c id  
l e v e ls  tend to  run p a r a lle l .  The discrepancy between the r e s u lts  o f  
the two t e s t s  in  the argentaffinom a cases i s  obvious. The f ig u res  
fo r  a c id  production are normal or low; the fig u res  fo r  uropepsin are 
normal in  one c a se , high in  two and ex cep tio n a lly  high in  one. In 
Case 2 the presence o f a histam ine fa s t  achlorhydria a sso c ia ted  w ith  
a le v e l  o f uropepsin excretion  of such magnitude that i t  would 
o rd in a r ily  be su ggestive  of duodenal u lc e r , i s  s p e c ia lly  noteworthy.
On the b a sis  of experim ental work on g a str ic  s e c r e tio n , a marked 
depression o f acid  secre tio n  might have been expected, but the very  
high le v e ls  of uropepsin were a surprise; p ossib ly  the high le v e ls  o f 
pepsin  have something to do w ith  the g a str ic  erosions and u lcera tio n  
which fo llow s 5HT in fu sion  and occurs occasion a lly  in  the carcin o id  c a se s .  
Normally the r a t io  of pepsin secreted  in to  the stomach to  the uropepsin  
passed in  the urine i s  f a ir ly  constant, something lik e  1 u n it appearing 
in  the urine fo r  each 100 u n its  secreted  in to  the stomach. We have no
f ig u r e s /
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F ig . 1
10
9
UROPEPSINOGEN and  GASTRIC ACIDITY
H  A c i d  m .e q ,  HCI 
□  U R O P E P S IN O G E N  1 0 0  u . u / 3 4 h r .
I -
Achlor- NORMAL Case 18 Case 2 Case 3 Duoderol^ Q» « 4
hydria
1 Comparison o f acid and p ep tic  secretory  a c t iv i ty  o f stomach.
* The acid  is  measured as m illie q u iv a le n ts  per hour a f t e r  0 .5  mg, 
o f  histam ine: the p ep tic  a c t iv i ty  by the d a ily  output o f
uropepsinogen.
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f ig u r e s  fo r  in tr a g a s tr ic  pepsin  secre tio n  in  our oases and i t  i s  
th erefore  not y e t  p o ss ib le  to  say whether the r e su lts  in d ica te  an 
abnormally high secre tio n  o f pepsin w ith  a normal r a t io  to  urinary  
e x c r e tio n , or an a lte r n a tiv e  in  the process o f  pepsin s e c r e t io n ,  
lead in g  to  an abnormally high proportion o f the enzyme being lo s t  
in to  the blood stream and u ltim a te ly  in  the u rin e.
(b) N on-secreting  tumourst Two n on -secretin g  oases were each 
given 1 mg. reserpine tw ice d a ily  to act as a provocative t e s t  and 
the acid  secre tio n  in  response to  histam ine was measured. The same 
two cases were on a subsequent occasion each given 25 mg. o f  ip ron iaz id  
three tim es per day. The acid  secretory  values in  both experiments 
were compared w ith two normal con tro ls given id e n t ic a l treatm ent. A fter  
reserpine the carcin o id  cases secreted  the same amount o f acid  as on a 
day when no reserpine was adm inistered. The a c id  secretory  va lu es were 
comparable to  the co n tro l. A fter ip ron iz id  the acid  secretory  va lu es  were 
very much greater in  both groups (Table 4)»
DISCUSSION.
The conversion of tryptophan to  5HT depends on the oxidation  
o f tryptophan to  produce 5 hydroxytryptophan; lo ss  o f G02 from the 
carboxl group then produces the corresponding amine, 5HT. The presence 
of a decarboxylase which accomplishes the formation o f the amine i s  now 
w e ll au thenticated . The tryptophan oxidase that would produce the 
5-hydroxytryptophan has never yet been demonstrated in  the various
t is s u e s /
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TABLE 4«
Acid output in  m ille -eq u iv a len ts  per hour a f te r  0 ,5  ug. 
histam ine in  normal con tro ls  and n on -secretin g  carc in o id s  
given (a) Reserpine; (h) Ip ron iazid .
Case No.
(a )
Reserpine 
Before A fter
Ipron iazid  
Before A fter
1 2 .6  2.9 2 .4  1 .6
2 1.8  1.3 1 .0  0 .6
3 * 1 .2  1 .6 1 .5  0 .6
4 * CO*HICO•H 1 .6  0 .5
* N on-secreting earein o id .
. . . . •
v;- --■ / , /v jfen
. " £ w . S '  S v x ^ lr f  i i  £vid' tfc** .
- ... - 1;u®«a.r ?«£ s t C :r a
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t i s s u e s  examined. Tryptophan incubated w ith  l iv e r  s i l o e s , fo r  
in s ta n c e , shows no 5“byd roxy la tian • Our case  w ith  5 hydroxytryptophan 
in  the u rin e le d  to  the deduction th a t the tumour, so  presumably the  
a r g e n ta ffin  c e l l s ,  mast be capable o f the 5~bydroxylation o f  tryptophan. 
I t  fo llo w s  th a t one o f  the major fu n ction s o f the a rg en ta ffin  c e l l s  may 
be not on ly  the lo c a l  re le a se  o f 5-HT, but a lso  the manufacture o f  i t s  
precursor fo r  c ir c u la t io n  to  other c e l l s  which decarboxylate i t .  Among 
oth er th in g s th is  would account fo r  the fa c t  that 5BT i s  produced by 
variou s c e l l s  but no other tumour produces excess o f i t .  The body's 
t o t a l  production o f  5HT i s  presumably lim ited  by the a v a i la b i l i t y  o f  
the precursor.
M etabolic s tu d ie s  using  L-tryptophan have confirmed th at in  humans 
the production i s  dependent on the intake o f tryptophan in  the 
d ie t .  They have a lso  d isc lo se d  the autonomous nature o f the tumour, in  
th at i t  can be shown to  u t i l i s e  the same amount of tryptophan whatever 
the le v e l  o f protein  in ta k e .
As a background to  therapy, various d ie ts  have been given  to the 
p a tie n ts . I t  had been claimed that fa t  s p e c if ic a l ly  in flu en ced  5HT 
r e le a s e . No confirm ation o f th is  has been found.
At low le v e ls  of protein  in tak e, w ith  low tryptophan in ta k e , and 
in  the presence o f lowered absorption o f n ic o t in ic  acid  from the 
in t e s t in a l  t r a c t ,  the p arasitism  by the tumour o f tryptophan s to r e s  may 
b e/
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be so  great th a t tryptophan d e f ic ie n c y , seen as p e lla g r a - lik e  
symptoms, might be exp ected .
Having examined the e f f e c t s  o f p ro te in  intake and a high fa t  
d ie t  our a tte n tio n  turned to  other forms o f g a s tr ic  s tim u la tio n . 
B lushing a tta ck s have been reported q u ite  commonly a f te r  m eals, a f te r  
a lc o h o l and a f te r  h istam ine. L it t le  in crease in  5HT concentrations  
were found a f t e r  any o f these substan ces. Whether 5HT i s  re lea sed  under 
th ese  circum stances by the secretagogue substance or in  response to  i t ,  
i s  d i f f i c u l t  to  a s s e s s .  The fa c t  that no s tr ik in g  in crease o f 5HT 
occurs in  the plasma su ggests  that the action  in  th is  case i s  
predominantly in  the t is s u e s  rather than on c ir c u la t in g  5HT.
Turning to  the a c id  secre tio n  in  secre tin g  cases of th is  tumour, 
i t  i s  d isap poin tin g  to  be able to  report that only two out o f four  
of these cases had a drop in  ac id  va lu es -  and these two, even at th a t ,  
might be ex p lica b le  on the b a s is  o f age. R eserpine, r e lea s in g  more 
5HT in to  the c ir c u la t io n , did not markedly a ffe c t  g a s tr ic  s e c r e t io n . On 
the other hand ip ron iaz id  which a c ts  by' antagonising the enzyme amine 
oxidase e lev a te s  in consequence the 5HT le v e ls  in the t is s u e  and causes 
the acid  secre tion  le v e l  to  f a l l .  These fa c ts  tend to  suggest th at i t  i s  
as a t is s u e  hormone that 5HT w i l l  a c t ,  rather than as a d iffu se  
c ircu la to ry  one.
SUMMARY.
( i )  The normal metabolism of 5HT i s  again d iscu ssed  and the f i r s t  
i s o la t io n /
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i s o la t io n  o f  5HTP iii ca rc in o id s  i s  d escr ib ed .
(2 )  Reasons are advanced fo r  con sid erin g  that JpEMP rather than 
5EP i s  the hormone o f  the a rg en ta ffin  c e l l .
( 3 )  T h e  e f f e c t s  o f  h i g h  p r o t e i n  f e e d i n g  a n d  L-tryptophan h a v e  
been sh o w n  to  c o n f i r m  i n  humans the a c c e p t e d  biochem ical pathways 
o f  5 ®  f o r m a t i o n .  T h e  feed in g  o f  f a t  did  n o t  i n f l u e n c e  $HT r e l e a s e .
(4 )  The e f f e c t s  o f  a l c o h o l ,  r e s e r p i n e  and h i s t a m i n e  on 5ffl? 
blood le v e ls  are described .
( 5) The ac id  s e c r e t i o n  i n  response to h i s t a m i n e  has been 
examined in  four s e c r e t i n g  c a r c i n o i d  c a s e s  a n d  the e f f e c t s  in  tw o  
other c a s e s  provoked by reserp ine a n d  ip ron iaz id . Acid g a s tr ic  
secre tio n  was most markedly changed in  the la t t e r  in sta n ce , probably 
because ip ron ia z id  a f f e c t s  the le v e l  o f 5®? in  the t is s u e s  rather  
than in  the blood stream .
i;-'.: i  r;£--2-r» nj-
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CONCLUDING DISCUSSION.
The experim ents reported in  these s ix  chapters s tr e s s  the varied  
b io lo g ic a l  a c t iv i t y  of 5-hydroxytryptam ine. A study o f i t s  a ctio n s  
and those o f i t s  precursors on the a c id  secre tio n  evoked by histam ine 
d is c lo s e s ,  not so much a p ictu re of an in h ib ito r y  substance, as o f a 
lo c a l  hormone or pharm acologically a c tiv e  substance tr ig g e r in g  o f f  
an in h ib ito r y  mechanism of acid  s e c r e tio n , or subserving i t .  Had 
th is  substance a s ig n if ic a n t  ro le  as an in h ib ito ry  hormone in  i t s  own r ig h t ,  
one would have expected in  the case o f function ing carcin o id  tumours that 
a marked r is e  in  c ir c u la t in g  5”HT would have annulled the acid  secre to ry  
response -  in  these human cases i t  was low but not c o n s is te n t ly  a f fe c te d .
I t  i s  a lso  the case that substances a c tiv a tin g  s e c r e t io n , such as a lc o h o l, 
histam ine and reserp ine, evoked symptoms without grea tly  a lte r in g  the 
blood le v e l  o f 5”HT. This again suggests that the f lu sh in g  and other  
m anifestations o f the carc in o id  syndrome can be induced by lo c a l changes 
of 5-HT in  t is s u e s  and thus e l i c i t  vaso-motor re fle x e s  and one could  
extend th is  argument to the g a s tr ic  secre tio n  -  that 5-HT would have 
to  be s im ila r ly  released  in  cer ta in  areas of the g a s tr o in te s t in a l t r a c t ,  
w ith  emphasis on the known in h ib ito ry  areas, before g a s tr ic  secre tio n  i s  
a ffe c te d .
Our experiments i l lu s tr a te  th is  same b ias in  the approach to the 
a n a ly s is  of the e f fe c ts  of 5-HT on g a str ic  se c r e tio n . Although we have 
been able to  get an in h ib itory  e f fe c t  w ith in fu sion s of 5-HT, there i s
n o /
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no doubt th at the experim ental o b jec tiv e  was more rea d ily  achieved  
under cer ta in  lo c a l  co n d itio n s , namely the allowance o f a c id  contact 
w ith  the p y lo r ic  mucosal reg ion , f a ir ly  recent feed in g  and the presence  
o f an in ta c t  vaga l in n ervation . This su ggests to  us that in  many o f  
these experiments endogenously formed 5—HT could be a c tin g  in  the 
same way as the exogenous, and one envisages th is  substance on the  
a ffe r e n t s id e  of an in h ib ito ry  r e f le x  fo r  g a s tr ic  s e c r e t io n , or 
supporting i t , a s  was i l lu s tr a te d  in  Chapter 4 . The fa c t  that in  fed  
animals the p orta l le v e ls  of 5-HT were higher than those o f starved  
dogs, but that the le v e ls  did not r ise  further during the development 
o f secre to ry  in h ib it io n , again suggests an in tr in s ic  a ction  of 5-HT 
in  the t is s u e  rather than as a released  hormonej the h igher p orta l 
blood le v e l  could be regarded as a s p i l l  over of 5“HT from a s i t e  of 
high con cen tration . Stacey and S u llivan  have already been quoted as 
fin d in g  that feed in g  e le v a te s  the 5-EH concentration in  the g a stro ­
i n t e s t i n a l  w a ll. The case fo r  any general humoral ro le  of 5-HT i s  
weakened by two other p o in ts , the f i r s t  o f which i s  that there would 
be many c ircu la to ry  disturbances fo llow ing any s ig n if ic a n t  r ise  o f  
5-HT in  the c ir c u la tio n  and the second i s  that rapid d estru ction  by 
amine oxidase in  the l iv e r  fo llow s the release  o f any 5—ST in to  the 
p orta l blood stream , g rea tly  dim inishing i t s  e f f e c t s .
Much of the work done in  Chapters 2 , 3 and 4 could , however, be 
constructed  as based on pharmacological methods — the in fu sion  o f a 
h ig h ly /
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h igh ly  a c t iv e  chem ical agent and the recording o f i t s  e f f e c t  on a  
p a r tic u la r  organ. To en ter  the p h y sio lo g ic a l domain, one would 
have to  co rr e la te  some change in  the fu n ction in g  o f  the stomach -  
he i t  towards stim u la tin g  or in h ib it in g  o f a c id  secre tio n  or 
m o til ity  -  w ith  a change in  i t s  production or u t i l i s a t io n  o f 5-HT. 
N ev er th e le ss , an attempt has been made to  g ive p h y sio lo g ica l 
s ig n if ic a n c e  to  the experiments recorded by showing th a t, not only  
does 5-HT a f fe c t  acid  se c r e tio n , but that other members of the  
tryptophan fam ily act lik e w ise . Professor Garry has re la ted  to  the 
author how in  h is  work on co lon ic  m o tility  he has o ften  observed 
th at previous feed in g  a lte r e d , in  h is experience, the motor responses 
which would have been expected in  a fa s t in g  animal; i t  i s  in te r e s t in g  
that a s im ila r  p h y sio lo g ic a l even t, feed ing and the d ig estio n  o f  
proteins and absorption of amino acids of th is  p articu la r  fam ily , 
a f fe c t  secretory  processes too .
R everting once more to the human carcinoid  syndrome, i t  i s  
in te r e s t in g  to  find  that the argen ta ffin  c e l l s ,  even when they have 
m u ltip lied  beyond a l l  the normal boundaries, d ivert from the protein  
intake a l l  the tryptophan that they require -  indeed,when they overdo 
th is  there i s  a consequent diminution in  the tryptophan which serves  
in  the body normally as the precursor of n ic o t in ic  a c id ; then p ellagra­
l ik e  symptoms may be p rec ip ita ted . The great u t i l i s a t io n  o f tryptophan, 
plus the find ing of i t s  d irect d erivative  5-hydroxytryptophan in  tumour 
t is su e  being secreted  from i t ,  leads us to  suggest that th is  substance
may be th e /
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the hormone o f the a rg en ta ffin  c e l l s .  Were 5-HTP released  from these  
c e l l s  i t  might u se fu lly  serve the in h ib ito r y  process hy boosting  
lo c a l  5“’HT s to r e s  in  many t is s u e s  such as the cen tra l nervous system  
orf having passed round the c ircu la tio n ^ in  the stomach w a ll i t s e l f .
5-HT was shown in  Chapter 1 to  be a histam ine lib e r a to r , para­
d o x ic a l ly  one that does not stim u late acid  g a s tr ic  se c r e tio n . One 
might argue that th is  type o f histam ine re lea se  occurs only in  
ce r ta in  sp e c ie s  and i s  demonstrated as somewhat o f an a r te fa c t  in  
is o la te d  perfused t is s u e s .  This was the author’s su sp ic ion  t i l l  he 
and two other groups o f  workers in  Sweden and in  th is  country v e r if ie d  
histam ine re lea se  in  the human case a lso  by reporting the fin d in g  o f  
large amounts o f histam ine in the urine o f carcinoid  p a t ie n ts . One 
has to  assume therefore that 5“HT can release  histamine but th at in  
view  of other pharm acological a c t iv i ty  manages to  block the e f f e c t s  
of histam ine on the p a r ie ta l c e l l .  Three fin d in gs therefore become 
c o n s il ie n t  w ith  one id eaj f i r s t l y  that 5-HT i t s e l f  in  the animal 
does not stim u late  acid  se c r e t io n } secondly that th is  may be re la ted  
to  the fa c t  that 5-HT goes fa r  to  antagonising the action  o f histam ine  
on g a s tr ic  secre tio n } and th ird ly  that in  the carcinoid  syndrome,even 
in  the presence of released  histam ine, the acid  se c r e tio n , te s te d  by 
stim ulants such as h istam ine, though not abolished remains very low.
I t  seems to us that h is t id in e  and tryptophan, both producing
arom atic/
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aromatic amines by decarboxylase a c t iv i t y  stand in  b io lo g ic a l  
op p osition  to  one another.
H istid in e  has been found to be absorbed in  inverse proportion  
to  L- tryptophan (Pinsky and G eiger, 1952). This strange antagonism  
rep eats i t s e l f  in  the case of the d er iv a tiv es  histam ine and 5-hydrox- 
:ytryptam ine: the la t t e r  i s  destroyed by monoamine oxidase and the 
former by diamine oxidase; one stim u lates acid  secre tio n  and the 
other in h ib it s  i t ;  the former re lea ses  the la t t e r  from c e l l  storage and 
v ic e  v e r sa . One i s  in  the ascendancy in the proximal part o f the  
stomach, w hile the other i s  in  the d is t a l  end. Each has i t s  s p e c ia l— 
s ised  c e l l ,  the oxyntic or argen ta ffin  c e l l ,  but share a common 
embassy in  the mast c e l l .  One was discovered over 40 years ago and 
i t s  p rec ise  s ig n if ic a n c e  yet eludes us; the biographical d e ta ils  o f  
the others are accumulating at a rapid rate and p h y sio lo g is ts  or 
pharm acologists may y e t d iscover th e ir  functions togeth er.
''R ational, in d u str iou s human beings are divided in to  two 
c la s s e s :  f i r s t ,  those whose work is  work, and whose p leasure
i s  p lea su re; and secondly  those whose work and p leasure are
one. Of th ese  the former are the m ajority  .........................
but F ortune's favoured ch ildren  belong to the second c la s s .  
Their l i f e  i s  a natural harmony. For them the working hours 
are never long enough. Each day is  a h oliday, and ordinary  
h olid ays when they come are grudged as enforced in t e m o t io n s  
in  an absorbing vocation ."
S ir  Winston C hurchill in  
"Painting as a Pastim e."
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PART FOUR,
Experiments on Substance P,
The re lev a n t h is to r y  o f th is  substance has a lready been reviewed  
in  the gen era l in trod u ction  to  th is  t h e s i s .  The su b jec t i s  admirably 
reviewed by Pernow in  "Studies on Substance P" (p ublished  as a 
supplement to  the Acta P h y sio lo g ica  S ca n d in a v ica ), and a ls o  in  C.C, 
Teh’s t h e s i s ,  "Histamine, Substance P and 5-Hydroxytrypiamine".
E uler and Gaddum had observed as ea r ly  as 1931 th at a lc o h o lic  
e x tr a c ts  o f the g a s tr o in te s t in a l tr a c t  and o f  brain t is s u e  stim u lated  
the movements o f an is o la te d  preparation o f the rab b it*s in t e s t in e .  
The co n tra ctio n s  d if fe r e d  q u a lita t iv e ly  from those o f a c e ty lc h o lin e ;  
moreover they were not in h ib ite d  by a tro p in e . This substance was 
th e r e a fte r  e x te n s iv e ly  stu d ied  by Gaddum and S c h ild  and Von E uler as 
has already been d escr ib ed , in  Volume 1,
Two groups of workers have concentrated  on the occurrence o f  
Substance P in  the g a s tr o in te s t in a l  t r a c t .  Pernow, (1951* 1953) has 
d escribed  the d is tr ib u t io n  o f Substance P in  the stomach, duodenum 
and ileum  in  sev era l s p e c ie s .  The concentration  o f Substance P was 
c o n s is te n t ly  two to  three tim es g rea ter  in  the mucosa than in  the  
e x tern a l muscle c o a t . The h ig h est concentration  o f Substance P was 
in  the m uscularis mucosae, a r e la t iv e ly  high value was obtained from 
th e /
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the suhmucosa and a somewhat lower one from the g landular stru ctu re*  
D ouglas, F eldberg, Paton and Schachter (1951) a ls o  s tu d ied  the
d is tr ib u t io n  of Substance P in  the d ig e s t iv e  tr a c t  and th e ir  r e s u lt s  
in  dogs agreed w ith  th ose o f Pernow.
V arious in v e s t ig a t io n s  have already e s ta b lish e d  th a t Substance P 
i s  most l ik e ly  to  c o n s t itu te  a p h y s io lo g ic a l stim ulus fo r  spontaneous 
a c t iv i t y  o f the g a s tr o in te s t in a l  t r a c t ;  Gaddum in  h is  book "Polypeptides 
which S tim ulate Smooth Muscle" goes as fa r  as su g g estin g  th at Substance P 
may be a normal stim u la tin g  smooth muscle fa c to r  in  the in t e s t in a l  w a ll .
A ll parts o f  the c e n tr a l and p erip h era l nervous system  have been 
found by Gaddum to  contain  a c t iv i t y  a ttr ib u ta b le  to  Substance P, the 
la r g e s t  amounts being found in  the hypothalamus and vaga l g a n g lia . 
Substance P i s  a ls o  present in  many types o f nerves and periph era l 
g an g lia  and i t  has been argued th at the Substance P in  the subraucosa 
of the alim entary tr a c t  must con ta in  i t s  Substance P in  nerve c e l l s  
and nerve f ib r e s  in  that la y e r , s in c e  in  th is  region  u n lik e the mucosa, 
a glandular fu n ction  must be d iscounted ; u n lik e the ou ter muscle c o a ts ,  
a m u sc le-stim u latin g  ro le  seems u n lik e ly . In view  o f the p o ss ib le  
r e le a se  o f glandular or neural Substance P in  the stim u la tio n  or 
in h ib it io n  o f g a s tr ic  s e c r e t io n , i t  was decided to  determine whether 
an ex tra c t o f th is  substance would a f fe c t  hydroch loric a c id  se c r e tio n  
f r o m /
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from the stomach, p a r t ic u la r ly  s in c e  Vogt (1949) con sid ers  th is  substance  
p o ss ib ly  to  be of importance in  v aga l tran sm ission  to  the stomach.
METHODS.
Substance P was prepared as o u tlin ed  in  the appendix* Cats 
were a n a esth e tised  w ith  c h lo r a lo se  and urethane as described  in  
Part 2 , Chapter 1 , (Volume l ) .  Substance P was in fu sed  in  a concen- 
: tr a t io n  o f 50 u n its  per kg/m inute fo r  15 m inutes; the preparation  
had been te s te d  fo r  b io lo g ic a l  a c t iv i t y  im m ediately beforehand on a 
g u in ea -p ig ’s ileum  preparation and 1 u n it was a r b itr a r ily  chosen as 
comparable to  1 ug a c e ty lc h o lin e . Each in fu s io n  o f Substance P was 
given  slow ly  over 15 minutes and the blood pressure was recorded  
throughout each experim ent. The a c id  s e c r e t io n , obtained by a 
washout tech n iq u e, was t i t r a t e d  u sin g  T opfer’ s reagen t. In se v e r a l  
experim ents to  stim u la te  a c id  se c r e tio n  one o f the vagus nerves was 
d is se c te d  fr e e  in  the vago-sym pathetic trunk in  the neck , cut and 
placed  across the p o in ts  o f a platinum  e lec tro d e  and the m oistened  
nerve stim u lated  w ith  a v o lta g e  o f 5 v o l t s  u sing  shocks o f 0 .5  
m illesecon d  duration and frequency o f 20 per s e c . (u sin g  d iscontinuous  
shocks in  b u rsts  so as to  avoid  as fa r  as p o ss ib le  c ir c u la to r y  e f f e c t s  
on g a s tr ic  se c r e tio n  from the card iac slow ing which fo llo w s  vagal 
s t im u la t io n ) . Histamine was a ls o  in fu sed  in  con cen tration s o f 5 u g /k g s/ 
minute to  stim u la te  a c id  s e c r e t io n .
RESULTS.
Substance P did not stim u la te  ac id  g a s tr ic  se c r e tio n  in  4 c a ts  
(s e e  Table l ) .  Substance/
* Appendix.
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Substance P d id  not a f f e c t  the a c id  secre to r y  output provoked by 
stim u la tio n  o f the vagus n erv e , nor d id  i t  in f lu en ce  the a c id  
s e c r e tio n  evoked by h istam in e. I t  was observed th a t in t e s t in a l  
m o t il ity  had been markedly enhanced in  th ese  anim als when a term inal 
laparotomy was performed.
DISCUSS ICBST.
The e f f e c t s  o f Substance P on a c id  g a s tr ic  se c r e tio n  were examined 
because o f the lo c a l is a t io n  of th is  substance in  the g a s tr o in te s t in a l  
t r a c t .  The d is tr ib u t io n  i s  mainly a mucosal one and a con sid erab le  
q u antity  i s  present in  the stomach o f most s p e c ie s  describ ed  in  the  
re levan t l i t e r a t u r e ,  although the stomach i s  by no means the region  o f  
h ig h est concentration. Substance P was found to  have no g a s tr in - l ik e  
e f f e c t  on the spontaneous s e c r e tio n  of acid  or in h ib ito r y  a c tio n  on 
such s e c r e tio n  as was e l i c i t e d  by v a g a l stim u la tio n  and h istam in e.
The occurrence o f a high Substance P con cen tration  in  the submucosal 
t is s u e  suggested  a r e la t io n sh ip  to  ganglion  c e l l s  occurring in  M eissner’s 
p lex u s , but i f  th is  substance i s  formed in  or around those c e l l s  i t s  
r e la t io n sh ip  would seem to  be more c lo s e ly  re la te d  to  smooth muscle 
f ib r e s  than to  the adjacent g landular s tr u c tu r e s . Both histam ine and 
Substance P have been found in  r ich  concentration  in  the rauscularis 
inucosae. Walder ( 1953) has shown th at the m uscularis mucosae i s  
in s e n s it iv e  to  h istam in e. Substance P might be the lo c a l  tran sm itter  
fo r /
-  370 -
fo r  producing co n tra ctio n s  in  th is  smooth muscle la y e r . I t  has 
always heen a d i f f i c u l t  q uestion  to  a ssig n  a s p e c if ic  fu n ction  to  the 
inuscularis mucosae, hut i t  seems to  the author th a t one fu n ction  which 
might he in v e s t ig a te d  i s  the ro le  o f  the m uscularis mucosae in  c o n tr o l l­
i n g  the hlood supply to  the ad jacent g landular s tru ctu res  -  the v e s s e ls  
which pen etrate the m uscularis mucosa to  reach the g landular mucosa 
are surrounded hy a l a t t i c e  work o f p la in  muscle which on co n tra ctio n  
must su r e ly  render the mucosa somewhat d e f ic ie n t  in  hlood supply .
SUMMARY.
(1 ) Substance P d id  not evoke s e c r e tio n  o f hydrochloric a c id  from 
the stomach o f c a t s .
(2 ) Substance P f a i le d  to  d im inish  the a c id  s e c r e t io n  produced hy 
v a g a l s tim u la tio n  and hy h is ta m in e , nor d id  i t  enhance i t  which seems 
important in  view  o f the id ea  propounded hy Vogt (1949) "that th is  
substance might he engaged in  transm ission  a t v aga l nerve endings in  
the upper g a s tr o - in te s t in a l  t r a c t .
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PART FIVE.
The p ro p ertie s  and mode o f  a c tio n  o f  g a s tr in .
In tro d u ctio n .
I t  has been c le a r ly  e s ta b lish e d  (se e  in trod u ction  to  T h esis)  
th at there i s  a humoral phase of g a s tr ic  se c r e tio n  and th a t the main 
source of the hormone i s  in  the g landular s tru ctu res  o f the d is t a l  
part o f the stomach and the upper in t e s t in a l  t r a c t .  While glands of  
mesodermal o r ig in  appear mainly to  be a c t iv a te d  by s te r o id  hormones, 
the work o f B a y liss  and S ta r lin g  (1902) on p ancreatic se c r e tio n  and 
o f Edkins ( 1905) ,  Komarov (1 9 3 6 ), Uvnas (1944 & 45)» an<^  Harper (1946) 
on g a s tr in  in d ic a te s  th at the. hormones o f glands o f  ectoderm al or 
endodermal o r ig in  may be expepted to  be mainly p ro te in s  or n itrogenous  
su b stan ces.
There are two main approaches to  work in  th is  f i e l d .  One method 
i s  to  d ev ise  experim ents which prove, in  o u t l in e , th at substances  
secre te d  from, sa y , the stomach may a c t iv a te  acid  g a s tr ic  secre to ry  
t is s u e  tran sp lan ted  to  another s i t e .  One d i f f ic u l t y  inherent in  th is  
approach i s  that there remains the d i f f i c u l t  problem o f is o la t in g  the 
hormones, or pharm acologically  a c t iv e  substance, and id e n t ify in g  th e ir  
n atu re. The other method c o n s is ts  of attem pting to  analyse the n atu re, 
d is tr ib u t io n  and mode o f ac tio n  of the humoral substances by ta ck lin g  
i t s  ex tra c tio n  from s i t e s  o f r ich  d is tr ib u t io n . Most of the techniques  
required depend on a knoi-vledge of p rotein  chem istry and i t  should be 
obvious/
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obvious th a t the h igher degree o f refinem ent o f  the ex tra c tio n  
procedure, the l e s s  i s  the experim ental y ie ld  w ith  which to  in v e s t ­
i g a t e  the b io lo g ic a l  a c tio n s  o f the e x tr a c t .
N otw ithstanding th ese  d i f f i c u l t i e s ,  i t  was decided in  1951 
when the author jo in ed  the D iv is io n  o f P hysiology a t M ill H i l l ,  
th a t the time was r ip e  fo r  r e - in v e s t ig a t in g  the p rop ertie s  and 
mode o f  a c tio n  o f  g a s tr in , e s p e c ia l ly  in  view  o f the fa c t  th at  
th is  su b stan ce , be i t  p r o te in , polypeptide or n itrogenous b ase, 
might a c t v ia  such a mechanism as th at o f lib e r a t io n  o f t is s u e  
histam ine, and owe i t s  a c id  secre to ry  a ctio n  to  t h i s .
Part V g iv e s  an account o f work done in  th is  f i e l d  s in ce  
th en , u sin g  g a str in  prepared by the method o f  Jorp es, J e l l in g  
and Mutt, ( 1952);  a s im ila r  sample a lso  was prepared fo r  comparison 
by the method o f  Uvnas (1945)* (§ e® Appendix).
I"~ Part V a lso  in c lu d es an addendum on the in h ib ito r y  g a s tr ic  T  
hormone en terogastrone on which, however, no o r ig in a l work has 
j^been in cluded  -  th is  to p ic  i s  merely added fo r  com pleteness.
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Methods.
The main preparation  was made according to  the method o f  
J o rp es, J a i l in g  and Mutt, ( 1952) .
1 . Preparation o f  the hog p y lo r ic  mucosa.
The 'maw* or stomach was removed not la t e r  than one hour 
a f t e r  s la u g h te r , emptied o f i t s  c o n te n ts , and everted . The p y lo r ic  
p a r t, making up a fou rth  o f  the stomach, was cut o f f ,  r in sed  w ith  
co ld  water and immersed fo r  10 min. in  b o il in g  water in .o rd er  to  
d estroy  the enzymes. A fter  c o o lin g , the mucosa was c a r e fu lly  
wiped c lean  o f the slim y la y e r  o f mucus covering  i t  and d is s e c te d  
fr e e  from the underlying muscular t i s s u e .  I t  made up about 20$ 
o f the p y lo r ic  part of the stomach. The d is se c te d  mucosa was then  
minced, frozen  and stored  a t -  40° ,  a procedure which did not 
a f f e c t  the y ie ld  of g a s tr in . About fo r ty  hogs y ie ld ed  1 kg. o f 
mucosa.
2 . E xtraction  o f g a s tr in .
Deeply frozen  mucosa (20 k g .)  from about 800 animals was minced 
and suspended in  80 1 . 0 .1  N-HC1 in  95$ (v/ v ) m ethanol). This and 
a l l  subsequent operations were carr ied  out a t room tem perature.
A fter  s t ir r in g  fo r  2 hours the suspension was stra in ed  through 
gauze and the cloudy liq u o r  f i l t e r e d  through f lu te d  paper. The 
c le a r  f i l t r a t e  was brought to  pH w ith  N-NaOH. (A ll pH measurements 
were made w ith  a g la ss  e le c tr o d e ) .  A heavy p r e c ip ita te  formed a t  
t h i s /
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t h is  s ta g e . 10 g . o f  Hyflo Super-C el were mixed w ith  each l i t r e  of
the suspension  and the mixture f i l t e r e d  w ith  su c t io n . The f i l t e r
cake contained  about on e-ten th  o f the t o t a l  g a str in  a c t iv i t y .  The
c le a r  f i l t r a t e  was brought to  pH 5»5> when a s l ig h t  p r e c ip ita te  formed
which was f i l t e r e d  o f f  w ith  the a id  o f H yflo , and d iscard ed . The
f i l t r a t e  was brought to  pH 7 and the p r e c ip ita te  formed allow ed to
s e t t l e  fo r  h a lf  an hour. The supernatant was then decanted and
d iscard ed . This ra th er voluminous p r e c ip ita te  was f i l t e r e d  w ith  the
a id  o f H yflo Super-C el. The mother liq u o r  was d iscarded  and the
p r e c ip ita te  d is so lv e d  in ,  or ex tracted  w ith , about 4 1 * o f  0 .1
N-HC1 in  99$ (v /v )  methanol (s o lu t io n  I I :  1 ml. 10 N-HC1 + 99 “I*
m ethanol). The dark-brown m ethanolic s o lu t io n , which contained
about th ree -fo u rth s  o f the g a str in  a c t iv i t y  ex tra c ted  from the
omucosa w ith  methanol was s to red  fo r  part o f a week a t -  20 w ithout 
any lo s s  o f a c t iv i t y .  This ex tr a c tio n  was handled in  bulk by the 
large sc a le  p lan t o f Burroughs and Wellcome -  an arrangement which 
had been made through the g en ero s ity  o f the la te  Dr. Trevan, who 
placed the s k i l l e d  a s s is ta n c e  o f s e v e r a l chem ists a t  the au thor's  
d isp o sa l fo r  se v e r a l days work on th is  p ro ject a t D artford. The 
m ateria l was la t e r  tr a n s fe r r e d ,in  so lu t io n  now reduced to  5 l i t r e s ,  
to  the N a tion a l I n s t i tu te  fo r  Medical R esearch, where Dr. J . Walker, 
P .R .S .,  o f  the D iv is io n  o f Chemistry handled and su perv ised  the 
penultim ate s ta g e s .
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3 . Preparation  o f  p u r if ie d  g a s tr in .
S o lu tio n  I I  (5 1 . ,  con ta in in g  ex tr a c t from about 30 kg. o f
mucous membrane and 800 anim als) was p r e c ip ita te d  by the ad d ition
o f  20 1 . o f e th y l e th e r . The p r e c ip ita te  was removed w ith  su ctio n
and the f i l t e r  cake washed w ith  dry e th y l e th e r . The e th er  was
allow ed to  evaporate and the f i l t e r  cake, about 15 g . , h a lf  o f
which c o n s is te d  o f inorgan ic s a l t s ,  was d isso lv ed  in  500 -  1000 ml.
o f d i s t i l l e d  w ater. The pH o f the s o lu t io n ,  about 2 . 5 , was brought
to  6 .8  -  7*4 w ith  0 .1  N-NaOH. The p r e c ip ita te  was c o l le c te d  by
c e n tr ifu g a t io n , d is so lv e d  in  about 200 ml. o f 0 .0 5  N-HC1 and
*
r e p r e c ip ita te d  a t  pH 6 .8  (our own fin d in g j Jorpes in  h is  o r ig in a l  
d e scr ip tio n  sa id  pH7). The p r e c ip ita te  was d isso lv e d  in  50 ml* o r  
le s s  or 0 .0 5  N -H cl, 1 1 . o f methanol was added and the g a str in  
r e p r e c ip ita te d  by the ad d itio n  o f 1 1 . o f  e th y l e th er  to  the c le a r  
s o lu t io n . The p r e c ip ita te ,  which contained  most o f the g a s tr in , was 
f i l t e r e d  w ith  su ction  and d isso lv ed  in  the sm a lle st p o ss ib le  amount 
of d i s t i l l e d  w ater (s o lu t io n  A ).
The a d d itio n  o f 3 1 . more o f e th er  to  the mother liq u o r  
p r e c ip ita te d  some more m a ter ia l, which a lso  contained g a s tr in . The 
amount was about on e-th ird  o f that in  the f i r s t  p r e c ip ita te  and the 
a c t iv i t y  per u n it w t. was lik e w ise  about o n e-th ird . S o lu tio n  A was 
d ia ly sed  fo r  12 hr. a t 5°  under to luene a g a in st d i s t i l l e d  water
* (P ro fesso r  Harper o f N ew castle in  a personal communication has 
r e la te d  a s im ila r  experience.)
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through which carbon d iox id e  was passed during the d ia ly s i s  to  
prevent i s o e l e c t r i c  p r e c ip ita t io n  o f  the g a s tr in . The in n er f lu id  
was fr e e z e -d r ie d . The dry powder weighed about 1 g . The substance  
was r e a d ily  so lu b le  in  d i s t i l l e d  w ater and d ilu te  a c id s .  I t  was 
f a i r l y  s ta b le  in  the dry s ta t e  a t room tem perature, although some 
lo s s  o f  a c t iv i t y  did occur when i t  was sto red  fo r  some months.
I  w ish  to  record my indebtedness to  the la te  Dr. Trevan, F .R .S . 
and to Dr. J . Y/alker F .R .S . fo r  th e ir  very great help  w ith  th is  ta sk .
A much sm aller sample o f  g a str in  was prepared by the method o f  
Uvnas (1945) w a s  u s e d  fo r  comparison (See appendix). A sample 
o f h is  own o r ig in a l g a s tr in  was sen t to  me from the K arolinska  
I n s t i tu t e t  by Dr. Jorpes when he heard th a t work was proceeding  
on t h is  to p ic  a t  M ill H i l l ,  and I w ish to  thank him fo r  th is  k in d ly  
g estu re .
The techniques fo r  c o l le c t in g  and estim atin g  the hydrochloric  
a cid  presen t in  g a s tr ic  ju ic e  were performed in  the unanaestheti^ed  
ca t and did  not vary from those o u tlin ed  in  ’M ethods', Chapter 1 
(Part 2 o f  th is  t h e s i s ) .  Jorpes estim ated  that 1 mg given to  a 
vagotom ised ca t caused the se c r e tio n  o f 10 ml. o f 0 .1  N. H C 1 ; 
and a r b itr a r ily  converts th is  standard amount to  "10 secre to ry  un its"
-  we p refer  to  recogn ise  the amount o f g a str in  used by the d ir e c t  
w eight (mg/kg) ( in  view  o f v a r ia b le  response an estim ate o f secre to ry  
potency seems in v a lid ) .
F ootnote.
In a l e t t e r  to  the author, Jorpes s ta te s  'I  am sending you 100 mg.
o f /
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o f  our g a str in  p rep aration . 1 mg. g iv e s  5 c c .  o f N /10 HC1 in  a 
c a t ’ (which must be a weaker preparation than that d escr ib ed ). 
’Almost every second in je c t io n  g iv e s  in  s p ite  o f vagotomy a much 
weaker resp on se , many of them none a t  a l l ’ .
Bated Stockholm , November, 21, 1951*
Signed E rik  Jorp es, Kemiska I n s t itu t io n e n ,  
K a lo lin sk a , I n s t i t u t e t .
TABLE 1.
PROPERTIES OP GASTRIN.
Features Jorpes e t  a l . This preparation Uvnas
S o lu b i l i t y In w ater , i f  a c id if ie d ,  
p r e c ip ita te s  a t  pH 5*5 
a ls o  a t 7.
So lu b le  in  w ater. 
P r e c ip ita te s  a t  
pH 6 .8 .
So lu b le in  
w ater, v a r ie s  
w ith  pH.
Precipitation Acetone and e th y l  
e th e r .
A cetone, benzene 
and e th e r .
Same plus 
ab so lu te  and 
Qofo a lc o h o l.
S t a b i l i t y - R e s is ts  b o ilin g  
in  a c id .
Same, d estro y ­
e d  by a lk a l i .
In a c tiv a tio n - - Pepsin , tr y p -  
: s in .
B ia ly s is Hot d ia ly s a b le . Not d ia ly s a b le . B ia ly se s  throigh 
cellop h ane.
R e su lts .
(a ) G eneral P ro p er tie s .
The main preparation  was made according to  the method Jorp es, 
J a i l in g  and Mutt (1 9 5 2 ), which d is so lv e d  sp a r in g ly  in  s a l in e ,  f r e e ly ,  
however, on the ad d itio n  of a few drops o f N/lO HC1. The ex tra c t was not 
d ia ly sa b le  through cellop h an e; i t  was in so lu b le  in  such so lv e n ts  as 
e th a n o l, a ce to n e , benzene and e th e r , and p r e c ip ita te d  from so lu tio n  by 
sa tu ra ted  NaCl s o lu t io n , sa tu rated  ammonium su lp h a te , t r ic h lo r a c e t ic  
a c id  and 5% tann ic a c id . (See Table 1 ) .
Each e x tr a c t  was examined fo r  histam ine contam ination, the 
presence o f h istam ine being a sse ssed  by the a b i l i t y  o f the ex tra c t to  
con tract the a tro p in ised  g u in ea -p ig ’s ileum  suspended in  Tyrode 
s o lu t io n . The e x tr a c ts  had h is ta m in e -lik e  a c t iv i t y  o f 0 .0 1  -  0 .02  ug/mg; 
th at the contaminant present in  such low concentration  was in  fa c t  
histam ine could  be demonstrated by the ease w ith  which the c o n tr a c t i le  
e f f e c t  was ab o lish ed  by mepyramine. I t  i s  u n lik e ly  that h istam ine, 
present as a contam inant, would a f f e c t  g a s tr ic  se c r e tio n  (though i t  
might produce blood pressure ch an ges). Although histam ine produces 
abundant a c id  se c r e tio n  when in je c te d  subcutaneously and in fu sed  
slow ly  in tra v en o u sly , i t  has l i t t l e  or no a c tio n  when in je c te d  in tr a -  
:venously -  th is  was one o f  the e a r l ie s t  observations on histam ine 
(R oth lin  and Gundlach, 1921; Koskowski, 1922; Gutowski, 1924 -  and 
reported once again in  modem tim es by S c h o f ie ld , 1957). •
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(*>) Acid s e c r e t io n  evoked by in je c t io n  or in fu s io n  o f g a s tr in .
When given  in traven ou sly  by slow  in fu s io n  the ex tr a c t e l i c i t e d  
the s e c r e t io n  o f an a c id  ju ic e  (pH 1 -2 ), free  o f mucus and poor in  
pepsin  conten t ( l e s s  than 10 Mett u n it s ) .  In fu sion  o f g a s tr in  almost 
alw ays, but not in v a r ia b ly , stim u la ted  acid  secre to ry  a c t iv i t y ;  in  
about 10fo o f  a l l  experim ents no a c id  s e c r e tio n  could be ob tained , a 
f in d in g  which was commoner w ith  second or th ird  in je c t io n s .  This i s  
i l lu s t r a t e d  in  P ig . 1 in  which in fu s io n s  o f g a str in  and o f  histam ine 
have been a lte r n a te d . The e f f e c t  o f g a str in  i s  decreased on r e p e t it io n  
o f i t ,  but the e f f e c t  o f histam ine i s  roughly comparable on both  
o cca sio n s .
The a c id  se c r e tio n  evoked by intravenous in fu sio n  was grea ter  
than th a t e l i c i t e d  by subcutaneous or intram uscular in je c t io n ;  th is  
had to  be a s se s s e d  in  d if fe r e n t  anim als because o f the d im inish ing  
secre to r y  e f f e c t  of g a s tr in , by comparison w ith  the a c id  secre to ry  
response to  h istam in e. (Table 2 ) .  The g rea ter  e f f ic a c y  o f  the 
intravenous in je c t io n s  could be shown in  another ways repeated su b- 
:cutaneous or intram uscular in je c t io n s  were fo llow ed  by dim inish ing  
secre to r y  e f f e c t s  s im ila r  to  th at described  fo r  intravenous in je c t io n s .  
Intravenous in j e c t io n s ,  given a f te r  repeated subcutaneous or in tr a -  
smuscular in je c t io n s ,  are as e f f ic a c io u s  a s ,  or even more s o , than 
the subcutaneous or intram uscular ones, from which i t  may be deduced 
th a t /
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F ig . 1 showx the e f f e c t s  of
l e f t  to  r ig h t (H) Histamine 5 ug/kg/m in fo r  10 m inutes.
(G) G astrin  5 mg/kg.
(G) Repeated dose o f g a s tr in .
( h) Repeated in fu s io n  o f h istam ine. (Note the
more prompt response to  h ista m in e .)
The ord in ates g ive  the m. equ iv . HC1 secre ted  and the ab sc issae  
the duration o f the experiment in  hours. The second adm in istration  o f  
g a str in  was fo llow ed  hy a markedly reduced response; to  histam ine the 
response was comparable on both o cca sio n s.
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TABLE 2 .
INJECTIONS OF1 GASTRIN MADE SUBCUTANEOJSLY (S ) ,  INTRAMUSCULARLY (M) 
AND INTRAVENOUSLY (V) ARE COMPARED AGAINST A STANDARD INFUSICN OP 
HISTAMINE (H ).
TWO PREPARATIONS WERE USED INDICATE J (JORPES e t  a l . )  AND U (UVNAS).
IN THE LAST FOUR EXPERIMENTS REPEATED INJECTIONS WERE GIVEN. IN 
THREE OF THESE INJECTIONS (V) OF THESE IS GREATER THAN ( s )  OR (M); 
YET IF (V) IS GIVEN REPEATEDLY THE EFFECT FALLS OFF. (SEE AISO 
FIGURE 1 ) .  5 mg/kg GASTRIN GIVEN IN EACH CASE.
Preparation
Wt. o f  
ca t in  
kg. s
In je c t io n s  o f g a str in  or in fu sio n  o f  
histam ine, w ith  m. eq u iv . HC1 in  brackets  
, M, V = G astrin . H = Histamine.
J 3 . 5 s ( 0 . 23 ) H ( 0 . 68 ) —
J 2 .0 s ( 0 . 2 1 ) H ( 0 . 8 1 ) -
U 2 .8 s ( 0 . 0 8 ) H (0 .6 5 ) -
J 3 . 6 M (0 .5 6 ) H ( 0 . 68) -
U 3 . 1 M (0 .42 ) H ( 0 . 78) -
J 3 .8 V (0 .82 ) H (0 .79 ) -
u 3 . 6 V (0 .51 ) H (0 .75 ) -
J 3 .8 s ( 0 . 21 ) M (0 .31 ) V (0 .53 )
J 3 .2 s (0 .1 6 ) M ( 0 . 12 ) V (0 .31 )
J 4 . 0 s ( 0 . 21 ) M ( 0 . 21 ) V (0 .22 )
J 4 . 0 V (0 .8 5 ) V (0 .28 ) v ( 0 . 0 5 )
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TAB IE  3 .
THE ACID SECRETORY EFFECTS OF GASTRIN INJECTED INTRA­
VENOUSLY ( IV) AND INTRA-ARTERIALLY (IA) INTO THE 
CCELIAC ARTERY ARE COMPARED, USING EQUAL AMOUNTS FOR 
EACH INJECTION (10 m g/kg).
w t .
o f
cat
In je c t io n s  o f g a s tr in  (I?  and IA) witla m. 
o f HC1 r e s u lt in g .
eq u iv .
IV IA IV IA
3 .2 1 .08 1 .86 0 .2 6 0.73
3 .6 1 .10 1 .92 0 .3 5 0 .58
3 .8 1 .6 2 .1 0 .38 0 .6 2
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P ig . 2 . The a c id  secre to ry  e f f e c t s  o f g a str in  in travenously  and in tr a -  
a r t e r ia l ly  in to  the c o e lia c  artery  are compared (conventions as 
in  P ig . 1 . )
L eft to  r ig h t; Intravenous g a str in  5mg/kg.
I n tr a -a r te r ia l  g a str in  Img/kg.
Intravenous g a str in  repeated.
I n tr a -a r te r ia l  g a str in  repeated.
The sm all dose in tr a -a r te r ia l ly  i s  at le a s t  as e f f e c t iv e  or 
even more so  than the larger  one in traven ou sly .
Second in je c t io n s  are reduced, but the grea ter  reduction i s  
in  th at fo llo w in g  the intravenous in je c t io n .
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th a t the g rea te r  e f f e c t  i s  exerted  by the intravenous in je c t io n s .
(c )  C lose in t r a - a r t e r ia l  in je c t io n  o f  g a s tr in  in to  the o o e lia c  a r ter y .
In four experim ents recorded in  Table 3 , two intravenous in je c t io n s
o f g a s tr in  were fo llow ed  by an in tr a -a r te r ia l  one. The ta b le  shows 
a ls o  the phenomenon observed a f te r  intravenous in je c t io n :  i f  the same 
dose i s  in je c te d  tw ice the secre to r y  response to  the second in je c t io n  
i s  g r e a t ly  reduced. In s p ite  o f th is  trend the in tr a -a r te r ia l  in je c t io n s  
were more e f f ic a c io u s  than the intravenous on es. In the experiment 
i l lu s t r a t e d  in  F ig . 2 ,unequal amounts o f  g a str in  were given both in tr a -  
a r t e r ia l ly  and in tra v en o u sly , much sm aller  doses being given in tr a -  
a r t e r ia l ly .  The r e s u lts  i l lu s t r a t e  the g rea ter  e f f ic a c y  of the in t r a -
a r t e r ia l  route o f ad m in istra tion  as w e ll  as the dim inution o f sec r e tio n
on repeated in je c t io n s ,  whether given in tr a -a r te r ia l ly  or in traven ou sly . 
When in je c t io n s  o f g a s tr in  were repeated three or four tim es by e ith e r  
route there was a p ro gressive  reduction  in  the secre to ry  e f f e c t ,  but 
th is  was more marked w ith  intravenous or in tr a -a r te r ia l  in je c t io n s .
(d) In je c t io n  o f g a str in  in to  other parts of the c ir c u la t io n .
In the above experim ents the secre to ry  response a f te r  lo c a l in t r a -  
a r t e r ia l  in je c t io n s  was mainly due to  a lo c a l e f f e c t  on the g a s tr ic  
mucosa. This s i t e  o f a c tio n  i s  a lso  suggested  by the fa c t  that g a str in  
in je c te d  in to  the c o e l ia c  artery  i s  more a c t iv e  than when in jec te d  in to
the p o r ta l v e in  (F ig . 3 ) .  But in  both groups o f experiments o f F ig . 2
and F ig . 3 some part of the secre to ry  response must be a ttr ib u ted  to  a 
g en era l/
»
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Pig* 3 . The a c id  secre to ry  e f f e c t s  o f g a str in  in to  the c o e lia c  artery  
and in to  the p orta l venous system  are compared (conventions  
as in  Pig* l ) .
L eft to  r ig h t;  I n tr a -a r te r ia l  g a str in  1 mg/kg.
In tra p o r ta l g a str in  1 mg/kg.
Repeated in tr a -a r te r ia l  dose.
Repeated in tra p o rta l dose.
The a c id  secre to ry  e f f e c t  of the in tra p o rta l in je c t io n  i s  much 
sm aller  than th at of the in tr a -a r te r ia l  ones.
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general e f f e c t  o f g a s tr in  on the other t i s s u e s .  This conclusion  was 
arrived  a t  as fo llo w s :  When g a str in  in  in je c te d  in to  the p orta l
c ir c u la t io n  i t  must f i r s t  c ir c u la te  to  the l iv e r .  At th is  s i t e  
according to  Lim and Ammon (1923) g a str in  i s  taken up and very  
la r g e ly  in a c t iv a te d . Any acid  se c r e tio n  r e su lt in g  from the in tra p o rta l 
in je c t io n s  would appear to  he re la ted  to  histam ine re lea se  in  the 
l i v e r  s in c e  th is  organ in  the ca t has a low histam ine content (see  
Chapter 2 , Part 2 ) .  The se c r e tio n  produced in  F ig . 3 by the in tr a -  
jp o rta l in j e c t io n  cou ld  r e s u lt  more from an action  on lung, sk in  and 
s k e le ta l  muscle h istam ine ra th er than from any other s i t e s .  I t  could  
be shown (F ig . 4) th a t g a s tr in  ex er ts  an a ction  in  the peripheral 
t is s u e s  o f th is  type o f in je c t in g  i t  in to  the stump o f the 
in fe r io r  m esenteric artery  in  a preparation ev isce ra te  of a l l  but the 
stomach. The secre to ry  agent passed d is t a l ly  to the in fe r io r  extrem - 
: i t i e s  o f  the ca t and e l i c i t e d  a se c r e tio n  which was alm ost, but not 
q u ite , as g rea t as the amount fo llo w in g  in je c t io n  in to  the c o e lia c  
a r ter y .
(e )  Blood p ressu re .
On slow  in fu s io n  o f g a str in  5 there was no disturbance o f
the a r t e r ia l  blood pressure (F ig . 5)• 0° intravenous in je c t io n  o f
the same amount o f g a s tr in  in  rapid manner, however, there was a 
depressor response which appeared c h a r a c te r is t ic a l ly  10—20 seconds 
a f te r  the in je c t io n ,  and suggested  (as such a "delayed depressor  
response" had/
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F ig . 4 . The a c id  secre to ry  e f f e c t  o f g a str in  given by d is t a l  in je c t io n  
in to  the stump o f the in fe r io r  m esenteric artery  (v ia  a p o ly -  
jthene c a th e te r  threaded down as fa r  as the common femoral artery)  
i s  compared w ith  the e f f e c t  of c lo se  in tr a -a r te r ia l  in je c t io n s  
in to  the c o e lia c  a rtery .
L eft to  r ig h t;  In tra-fem oral g a str in  1 mg/kg.
I n tr a -a r te r ia l  g a str in  1 mg/kg.
The a c id  secre to ry  e f f e c t  of g a str in  given in to  the peripheral 
t is s u e s  i s  q u ite  marked and i s  slower to  develop than when 
g a str in  i s  given by c lo se  in tr a -a r te r ia l  in je c tio n  in to  the 
stomach w a ll.
I
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G a s t r i n  i n f u s i o n  - 5  m g / k g / 15 m i n
G u s t r i n  - 5 mg  / kg  /  m i n  (by i n j e c t i o n )
Bp 1
I 0 0  a
6 0  r f l
ep Ha
14 0  SfwC. ,
100 j i
C o m p o u n d  4 8 / 8 0  -  2 0  / j g / k g / 1 5  m i n C o m p o u n d  4 8 / 8 0  -2 0  jug / kg  / 1 5  m i n  (by i n j e c t i o n )
F i g .  5  s h o w s  t h e  a r t e r i a l  b l o o d  p r e s s u r e  r e c o r d  i n  a  4  k g  c a t .
U p p e r  t r a c i n g ; a )  L e f t :  I n f u s i o n  o f  g a s t r i n  5 m g / k g ,  b e g u n  a t
t h e  p o i n t  i n d i c a t e d  b y  t h e  a r r o w ,  
b )  R i g h t :  I n j e c t i o n  o f  g a s t r i n  9 m g / k g ,  b e g u n  a t
p o i n t  i n d i c a t e d .
L o w e r  t r a c i n g ;  c )  L e f t :  I n f u s i o n  o f  2 0  u g / k g / 1 5  m in  4 8 / 8 0
b e g u n  a t  p o i n t  i n d i c a t e d  b y  a r r o w ,  
d)  R i g h t :  I n j e c t i o n  o f  sam e a m o u n t  o f  4 8 / 8 0 .
T h e  e f f e c t  o n  t h e  b l o o d  p r e s s u r e  i s  v e r y  much l e s s  f o l l o w i n g
s l o w  i n t r a v e n o u s  i n f u s i o n ;  r a p i d  i n j e c t i o n s  e v e n  w h e n  p e r f o r m e d  
a f t e r  a  p r e l i m i n a r y  i n f u s i o n  c a n  c a u s e  a  c o n s i d e r a b l e  f a l l  i n  
b l o o d  p r e s s u r e  ( v e r y  m uch g r e a t e r ,  h o w e v e r ,  i n  t h e  c a s e  o f  4 ^ /8 0 ) .
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had done fo r  "histam ine lib e ra to rs"  to  McIntosh and Paton), that 
g a str in  might be a c t in g  secon d arily  v ia  re leased  histam ine; th is  
e f f e c t  brought about by approxim ately 20 mg. g a str in  i s  shown in  
F ig . 5b and has induced a f a l l  o f a r t e r ia l  blood pressure o f 30 mm.
Hg. Repeated in je c t io n  le d  to  d im inution , then to  a disappearance 
of the d ep ressor  e f f e c t .  D irec t in je c t io n  or in fu sion  o f a histam ine 
l ib e r a to r ,  such as Compound 4 8 /8 0 , in  amounts required to  g ive  
comparable r a te s  o f a c id  s e c r e t io n , reduced the a r te r ia l  blood pressure  
in  a manner not u n lik e th a t o f g a str in  (F ig . 5 c ,  d ) . A fter slow  
in travenous in fu s io n  the histam ine lib e r a to r  had a sm all depressor  
e f f e c t  (F ig . 5°) w ith  rapid intravenous in je c t io n  o f the same 
substance there was an alm ost instantaneous f a l l  in  blood pressure,
(F ig . 5 d ) , t h is  however being fa r  grea ter  than that produced by g a str in .
The d ep ressor e f f e c t  o f g a str in  was not a ffec ted  by the a tr o p in is -  
:a tion  but was g r e a t ly  le ssen ed  by an antih istam ine such as mepyramine. 
(F ig . 6a and b ) .
I n tr a -a r te r ia l  in je c t io n s  o f g a str in  in to  the c o e lia c  artery  with  
the main v e s s e l  momentarily occluded, so as to  d irec t a l l  the in jec ted  
g a str in  to  the stomach w a ll le d  to  a s l ig h t  f a l l  in  blood pressure 
overshadowed, however, by a strong pressor response. That the r is e  
in blood pressure was probably due to  outpouring o f adrenaline from 
the adrenals cou ld  be shown by the fa c t  that i t  was no longer obtained  
a f t e r /
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G a s t r i n - 2  m g / k g  I.V.
F i g .  6 a )  T h e  e f f e c t  o f  1 m g / k g  a t r o p i n e  o n  t h e  d e p r e s s o r  r e s p o n s e
t o  i n j e c t i o n s  o f  g a s t r i n .  N o t e  t h a t  t h e  d e p r e s s o r  r e s p o n s e  
i s  o f  t h e  " d e l a y e d "  t y p e  w h i c h  i s  a  t y p i c a l  a c t i o n  o f  h i s t a m i n e  
r e l e a s i n g  s u b s t a n c e s ;  t h e  f a l l  i n  b l o o d  p r e s s u r e  i s  n o t  
p r e v e n t e d  b y  t h e  a t r o p i n e .  ( S u c c e s s i v e  i n j e c t i o n s  t e n d  t o  
e l i c i t  s m a l l e r  e f f e c t s  w h i c h  a l s o  i s  a  c h a r a c t e r i s t i c  o f  
" h i s t a m i n e  l i b e r a t o r s " ) .
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a fte r  a d m in istra tion  o f  an a n ti-a d r e n a lin e  substance (F ig . 7 ) .  This 
type of a c t iv i t y  might e x p la in , in  some an im als, why g a s tr in  f a i l s  to  
e l i c i t  i t s  customary response even w ith  a known, a c t iv e  p rep aration . 
This may a ls o  account fo r  the f in d in g  by Uvnas th a t h is  preparation  
was more e f f e c t i v e  i f  he cu t the sp lanchnic nerves ( 1945)*
R elease o f  h istam ine in to  the p o r ta l blood stream  a f te r  c lo se  
a n tr a -a r te r ia l in je c t io n  o f g a s tr in  in to  the stomach w a ll could not 
be dem onstrated by the methods o f e x tr a c tio n  and assay  used in  
Chapters 1 and 2 , Part 2 -  the amounts may be too sm all when d iffu se d  
in the p o r ta l blood stream , may escape r a p id ly , or may be lo s t  in to  
the g a s tr ic  ju ic e  i f ,  as seems l i k e l y ,  the histam ine r e le a s e  takes  
place from the p a r ie ta l  c e l l .
That r e le a se  o f h istam ine appears l i k e ly ,  however, may be shown 
by applying the fo llo w in g  procedure. Donowae and Feldberg (1934) 
d iv er ted  p o r ta l b lood d ir e c t ly  in to  the system ic c ir c u la t io n  by 
connecting the s p le n ic  v e in  a f t e r  splenectom y to the ex tern a l i l i a c  
v e in ; when they  clamped the p o r ta l v e in  below i t s  entrance in to  the 
l i v e r ,  the p o r ta l blood flow  sh o r tc ir c u ite d  the la t t e r  part o f i t s  
course and passed d ir e c t ly  from the sp le n ic  v e in  through tubing in to  
the system ic c ir c u la t io n . Donoraae and Feldberg found that th is  
procedure was fo llow ed  by a spontaneous f a l l  in  a r t e r ia l  blood pressure  
in s e v e r a l an im als.
We have observed s im ila r  spontaneous depressor e f f e c t s  which, 
however, a r e /
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A f t e r  P h e n t o  l a m i n e  -  I mg / kg
C o m p o u n d  A 8 / 8 0 - 2 / j g / k g  G a s t r i n  -  5 m g / k gC o m p o u n d  4 8 / 8 0  . 2 ,ug / kg
F i g .  7 .  E f f e c t  o n  a r t e r i a l  " b lo o d  p r e s s u r e  o f  i n j e c t i o n s  o f  g a s t r i n
g i v e n  i n t o  t h e  c o e l i a c  a r t e r y  a n d  w a s h e d  i n  r e t r o g r a d e  m a n n e r  
i n t o  t h e  a o r t a f w h i c h  w a s  m o m e n t a r i l y  o c c l u d e d  a b o v e  t h e  
s u p e r i o r  m e s e n t e r i c  a r t e r y  s o  t h a t  t h i s  s u b s t a n c e  p a s s e d  i n t o  
t h e  b l o o d  s u p p l y  o f  t h e  s u p r a r e n a l  g l a n d s .  C o m p o u n d  48/ 8O 
a n d  g a s t r i n  c a u s e  a  s h a r p  e l e v a t i o n  o f  b l o o d  p r e s s u r e  w h i c h  
m ay b e  t h e  r e s u l t  o f  a d r e n a l i n e  r e l e a s e .  S i n c e  t h e  e f f e c t s  
a r e  a n t a g o n i s e d  b y  p h e n t o l a m i n e ^ w h i c h  i s  a n t i - a d r e n a l i n e  i n  
n a t u r e ,  t h i s  s e e m s  l i k e l y .
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are c o n s is t e n t ly  p resen t a f t e r  the a r t e r ia l  in je c t io n  o f  g a str in  
in to  the stomach w a ll (s e e  Fig* 8)5 th ese  are made g rea ter  by such  
an in je c t io n  i f  the depressor e f f e c t  i s  occurring spontaneously*
The f a l l  in  b lood pressure i s  r e s is ta n t  to  the a ctio n  o f  a tro p in e ,  
but i s  a b o lish ed  by mepyramine (Fig* 9 0 )• An a c tio n  due to  the slow  
c ir c u la t io n  o f  g a s tr in  i t s e l f  through the tubing to  the i l i a o  v e in  
and beyond i s  u n lik e ly  s in ce  the in je c t io n  o f  g a str in  d ir e c t ly  in to  
the tu b in g , so  th at i t  c ir c u la te s  throughout i t s  len gth  before  
e n ter in g  the system ic c ir c u la t io n ,  produces l i t t l e  e f f e c t  on blood  
pressure (Fig* 8c)*
( f ) H istam in e-release  by g a s tr in  stu d ied  in  perfused t i s s u e s .
G astrin  caused the r e le a se  o f  histam ine from perfused sk in  f la p s  
i s o la t e d  from the hind limbs o f c a ts ;  in  ad d ition  v a so c o n str ic tio n  and 
con sid erab le  oedema were concomitant fe a tu r e s . V asocon str iction  varied  
w ith  the in te n s ity  o f the histam ine re lea se  and was d etected  by a 
marked drop in  the ra te  o f perfusion  fo r  the f i r s t  two minutes a f t e r  
the in je c t io n  o f g a s tr in . (See a ls o  Chapter 1 , Part 111)* Oedema was 
a la t e r  developm ent, most marked towards the end o f the f i r s t  hour 
and caused great sw e llin g  o f  the connective t is su e  adherent to the  
subcutaneous surface o f the sk in  f la p , so much so that an average 
amount o f 116 ml. o f f lu id  could be expressed from the perfused t is s u e  
a t the end o f  s ix  experim ents; th is  increased  the w eight o f the sk in  
f la p /
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P ig . 8 i l lu s t r a t e s  the "Donomae-Feldberg" experim ent. The sm all
-white c i r c le s  below  the record o f  the a r t e r ia l  b lood p ressu re  
in d ic a te  th e  p o in ts  a t which a shunt was opened and c lo se d  
from th e p o r ta l venous system  (by b ack -flow  from the sp le n ic  
v e in  w h ile  th e  porta  h ep a tis  was compressed by a clamp p laced  
l i g h t l y  on the p o r ta l ve in ) to  the e x te r n a l i l i a c  v e in .
The arrows mark the in je c t io n s  g iv en .
L eft to  r ig h tj  P anel 1s Shunt open, in j e c t io n  o f 0 .2 5  mg/kg
g a s tr in  which i s  fo llow ed  by a sm all 
depressor e f f e c t .
P anel 2: Shunt open, in je c t io n  o f 0 .5  mg/kg 
g a s tr in  which i s  fo llow ed  by a more 
m a r k e d  f a l l  in  B . P . , p lu s  a compensatory 
r i s e  w ith  a fu rth er f a l l  in  B.P. to  i 
80 mm. Hg.
P anel 3: Shunt open, in je c t io n  o f  0 .5  mg/kg. j 
g a s tr in  in to  the tubing as a co n tro l. 
There i s  no sharp f a l l  in  B.P. a f t e r  
the prelim inary d e f le c t io n  which i s  
the r e su lt  o f  -the clamping o f  the  
p o r ta l v e in  and takes p la ce  as the  
shunt beg in s to  fu n ction . The B.P. 
tends to f a l l  to  about 100 mm. Hg. 
b efo re  becoming s ta b le .
r
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Same a n i m a l  ( t o  d e m o n s t r a t e  r e p r o d u c i b i l i t y  o f  0 . 5  mg/kg 
g a s t r i n  i n t r a - a r t e r i a l l y ) .
L e f t  t o  r i g h t ;  P a n e l  1 shows th e  d e l a y e d  d e p r e s s o r  r e s p o n s e .
P a n e l  2 shows t h e  e f f e c t  o f  mepyramine 1 mg/kg 
w h ic h  m a rk e d ly  r e d u c e s  t h e  e f f e c t .  
P a n e l  3 shows t h e  e f f e c t  o f  a t r o p i n e  w h ich  
f i n a l l y  a b o l i s h e d  i t .
F e l d b e r g  a n d  Domomae h ad  c o n c lu d e d  t h a t  t h i s  f a c t o r  
b l o c k e d  b y  a t r o p i n e  was p r o b a b ly  s m a l l  am ounts  o f  c h o l i n e  
o r  a c e t y l  c h o l i n e .
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f la p  by about three t im e s , from over 58 g .  to  over 1?0 g . G astrin  
p rep aration s were in je c te d  in  s i x  experim ents in  amounts vary ing  
from O.25  -  5 mg, g a s tr in , Boses under 0 .5  mg, were in e f fe c t iv e *  but
w ith  2 mg, between 15 'and 3? ug. histam ine were r e le a se d ) w ith  5 mg, 
there was a r e le a se  o f 4 7 ,6  ug* h istam in e, The h istam ine r e le a se  was
a s s o c ia te d  in  the l a t t e r  experiment w ith  a f a l l  in  the h istam ine o f
the c e n tr a l part of the sk in  f la p  by 37;< to  8 ,3  ug./gm , When the  
histam ine r e le a s in g  property i s  compared w ith  th at o f  a potent 
histam ine l ib e r a to r , such as 48/80  (s e e  v a lu es  given  in  P ig ,
Chapter 1 ,  Part I I I )  i t  was found to  be a t le a s t  250 tim es l e s s  
a c t iv e  than th is  p a r tic u la r  histam ine r e le a s in g  agen t, The histam ine  
r e le a se  from perfused gastrocnem ius muscle was sm all) in  two exper­
im e n ts  5 Hg* o f  g a str in  re lea sed  1 ,2  and 1 ,6  ug, h istam ine) the 
m uscles weighed 30 ,5  and 27 gm. and contained  1 .28  and I .46  ug./gm . 
histam ine r e s p e c t iv e ly , (P ig , 10)*
P erfusion  o f the stomach a ls o  y ie ld ed  very  sm all amounts o f  
h istam in e, v a so co n str ic tio n  again tem porarily reduced the flow  o f  
e f f lu e n t  and oedema of the g a s tr ic  w a ll developed a f t e r  30-60 m inutes. We 
thus record the histam ine output, i f  any, a f t e r  0 ,1  -  10 mgms. g a s tr in )
doses below 1 mg. were in e f f e c t iv e ;  1 .6  ug. and 2.8  ug, fo llow ed  the
in je c t io n  o f  1 mgm. o f g a str in  w hile 4*6 and 7*5 ug . fo llow ed  the 
in je c t io n s  o f  2-5  mgms. 8 .2  ug. histam ine was re leased  fo llo w in g  the 
in je c t io n  o f 10 mgms. The histam ine re le a s in g  property o f  g a s tr in  was 
a g a in /
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F ig , 10 i l lu s t r a t e s  the appearance o f histam ine in  the e f f lu e n t  
from:
(a ) the perfused sk in  f la p  preparation ,
(h ) the perfused stomach preparation .
The p erfu sate was examined a f te r  2 mg g a str in  in  each c a se .
A much higher concentration  o f histam ine was produced from 
the sk in  f la p  preparation and i t  was noted that i t  appeared 
la te r  than i t  u su a lly  does a f te r  in je c t io n s  o f compound 4 8 /8 0 .
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again  compared w ith  th a t  o f  Compound 48/ 80$ i t  was found th a t  in  
t h is  t i s s u e  0 ,5  *Q®nu r e le a se d  15.8  u g , h istam in e, and 1 mgm, 48/ 80 ,  
13*1 u g , h istam in e. For t h i s  t i s s u e ,  on the b a s is  o f  th ese  r e s u l t s ,
48 /80  would appear to  be on ly  10 tim es more a c t iv e  than g a s tr in .  
Perhaps g a s tr in  would be even more e f f e c t iv e  but fo r  the fo llo w in g  
experim ental d i f f i c u l t y |  during the course o f  th ese  p erfu sion  
experim ents on the stomach, i t  was observed th a t when Indian ink  
was in je c te d  w ith  the p erfu sion  f lu id  th a t the mucosa was both  
ir r e g u la r ly  and poorly s ta in e d $ in d eed , in  some o f the experim ents 
i t  remained q u ite  fr e e  from d isco lo u ra tio n  by the dye* I t  cou ld  
be th a t fo llo w in g  the op erative  trauma involved  in  e x c is in g  and 
p erfu sin g  the is o la te d  stomach th a t the p erfu sate  was being  
d ev ia ted  away from the mucosa (which i s  the region  o f r ic h  h istam ine  
s to ra g e) through shunts present in  the muscle coa ts  o f th is  organ, 
(g )  Histamine r e le a se  and i t s  relevance to  the secre to r y  a c tio n  o f  
g a s tr in .
The experiments quoted above show, by d if fe r e n t  methods, th a t  
g a str in  may re le a se  histam ine in  sm all amounts from many t is s u e s  o f  
the body. How fa r  i s  the re lea se  o f histam ine re lev a n t to  the a c id  
secre to r y  a c tio n  o f g a str in ?  This has been examined as fo llo w ss
( i )  By t e s t in g  the a c id  secretagogue e f f e c t  in  animals which  
have been d ep leted  as fa r  as p o ss ib le  o f th e ir  t is s u e  histam ine  
(se e  Chapter 2 or Part 2 of th is  t h e s i s ) .  Cats were trea ted  w ith  
Compound/
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Compound 48 /80  t i l l  the t is s u e  h istam ine had been lowered as fa r  as  
was p o s s ib le .  This e n ta ile d  in je c t in g  the anim als w ith  amounts as  
much as 5 Bag/kg. The t is s u e  histam ine was rendered comparable w ith  
the f ig u r e s  in  Table 4 o f Chapter 2 (Part 2 ) .  The ex ten t o f the 
histam ine d ep le tio n  was v e r i f ie d  by checking that the response to  
Compound 48 /80  was alm ost l o s t .  There i s  presumably so l i t t l e  
re s id u a l histam ine o f the type ab le to  be re lea sed  th a t r e la t iv e ly  
large doses are required fo r  i t s  r e le a s e . In Table 4 the amounts 
o f  hydroch loric a c id  secre ted  in  normal c a ts  in  response to  20-50 
ug/kg Compound 48/80 are given; a f te r  prolonged treatm ent w ith  
Compound 48 /80  the intravenous in je c t io n s  o f greater  doses o f  Compound 
48 /80  produced very much sm aller secre to ry  e f f e c t s .
I t  was a g a in st th is  background o f histam ine d ep le tio n  (as fa r  
as i s  p o ss ib le  w ith Compound 48/ 80) th at the acid  secre to ry  e f f e c t  
of g a str in  was examined. I t  was found to  be presen t9though reduced 
to  about one th ird  o f the secre tio n  obtained in  normal c a ts  (Tables 
4 and 5) .  The acid  secretagogue e f f e c t  o f histam ine i t s e l f  was 
markedly lower in  these animals in d ica tin g  some general drop in  
the s e n s i t iv i t y  o f the p a r ie ta l c e l l s  to  both s t im u li.  When both  
g a str in  and histam ine were adm inistered togeth er the ac id  secre to ry  
e f f e c t  was almost com pletely restored  to that o f a normal histam ine 
e f f e c t  which may in d ica te  some sy n e r g is t ic  action  o f both compounds 
(Table 5 )-
-  4 0 2  -
TABLE 4 .
EFFECT OF INTRAVENOUS INJECTION OF COMPOUND 48 /80  ON ACID GASTRIC 
SECRETION IN NORMAL AND 4 8 /80-TREATED CATS GIVEN AMOUNTS OF COMPOUND 
4 8 /80  UP TO 5 mg/kg DAY. THE ACID SECRETED IS EXPRESSED IN 
in- e qui v a l  ent s .
Normal Compound 4 8 /8 0 -tre a ted
Wt. o f  Cat 
(kg)
Compound
48/80
(ug/kg)
Acid
se c r e tio n
(m -equiv.
N-HC1)
Wt, o f  Cat 
(kg)
Compound
48/80
(ug/kg)
Acid
se c r e tio n
(m -equiv.
N-HC1
2 .8 20 1.25 3 .2 50 0
3 .2 20 1.39 4 .0 100 0 .1 0
4 .0 20 1.20 2 .8 300 0 .19
4 .0 30 1 .40 3 .8 500 0 .2 0
3 .8 30 1.47 3.1 2000 0 .4 2
3 .6 30 1.68 3.1 5000 1.01
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(ii) 22_ g iv in g  a prelim inary in je c t io n  o f  Compound 4 8 /8 0  b efore  
the ad m in istra tio n  o f  g a s tr in . The e f f e c t  o f  g a s tr in  was s t i l l  p resen t  
though reduced to  a con sid era b le  e x te n t  i f  a large  dose o f  th e  histamine 
l ib e r a t o r .  Compound 4 8 /30  preceded i t .  (Table 6) .  Indeed g a s tr in  had 
t h is  a c t io n  even a f t e r  m u ltip le  su c c e ss iv e  doses o f  Compound 4 8 /8 0 ,  
and cou ld  be sa id  to  have a degree o f  se c r e to r y  potency at a s ta g e  
when th e m u ltip le  in je c t io n s  o f  48 /80  had l i t t l e  or  no e f f e c t  
presumably when they had become in e f f e c t iv e  by reason o f  U t i l i s a t io n  
o f  a l l  a v a ila b le  h istam in e.
DISCUSSION.
I t  i s  now sc a r c e ly  in  question  th a t a hormone i s  responsible for 
the second or g a s tr ic  phase o f  d ig e s t io n , but the id e n t ity  o f t h is  
substance has been s tro n g ly  debated. Histamine has been considered  to  
be id e n t ic a l  w ith  g a s tr in , s in ce  Sachs, Iv y , Burgess and Vandolah 
demonstrated a p a r a lle lism  between the secre to ry  a c t iv i t y  and depressor  
a c t iv i t y  o f a g a str in  e x tr a c t.
Macintosh f e l t  that any general c ir c u la to r y  ro le  fo r  histam ine should  
be revea led  by an in crease  in  the blood le v e ls  of th is  substance during 
a cid  secre to r y  a c t iv i t y ,  a s ,  fo r  in sta n ce , during a meal. But in  h is  
experim ents the blood le v e l  was not increased  — th is  was l e f t  open to  
re-exam ination , however, s in ce  he had measured histam ine in  whole blood  
which g iv e s  va lu es representing  histam ine aiainly in  the co rp u sc les . 
(M acintosh's fin d in gs were confirmed by Emmelin, Kahlson and W iok sell, 
(1941)) In humans, Addam,/
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TABLE 6 .
TIE SECRETORY EFFECT, IN MIIIE-EQUIVALENTS HC1, OF GASTRIN 
10 mg/kg AFTER A FIRST AND SECOND INJECTION OF COMPOUND 4 8 /80  
(20  u g /k g ).
Wt. o f  ca t  
in  k g . Compound 48/80 Compound 48/80 G astrin
3 .9 1 .06 0 .2 6 O.98
3 .6 1 .58 0 .2 1 1 .62
3 .4 1 .21 0 .4 6 1 .32
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Addam, Card, R id d e ll,  Roberts and Strong took up the question  o f  
the plasma le v e l ,  but f a i l e d  to  f in d  any in crease in  plasma histam ine 
conten t during secre to ry  a c t iv i t y ,  even when the ex tr a c ts  were oonoen- 
straded three to  f iv e  fo ld .  The n egative  blood fin d in g s may merely 
rep resen t our in a b i l i t y ,  by the present techniques a v a ila b le , to  
d e te c t  sm all increm ents o f histam ine which might a c t iv a te  the p a r ie ta l  
c e l l s  w ithout system ic s ig n s  o f histaminaeraia.
The concept of histam ine as a blood borne agent a c t iv e  in  the 
g a s tr ic  phase was fu rth ered  by the is o la t io n  o f a g a str in  preparation  
from the p y lo r ic  mucosa, as a p r o te in - lik e  substance, apparently free  
from histam ine which on intravenous in je c t io n  causes a profound 
se c r e tio n  o f a c id  from the fundic glands (Komarov, 1938; Komarov,
1942; Uvnas, 1942, 43; Unvas, Munch-Petersen, Ronnow, 1944? Uvnas,
1945? Harper, A .A ., 1946 and Jorpes, J a il in g  and Mutt, 1952)*
I t  has been held by some that one so lu tio n  to the id e n t ity  of  
the true secre to r y  hormone might l i e  in  an examination of whether g a str in  
acted  as a histam ine lib e r a to r  (Gaddum, 1959)* Eramelin and Kahlson (1944) 
and K ahlson ( 1948) have a lso  suggested  that whatever the a ction  o f g a s tr in ,  
i t  seems to  in volve histam ine to o , s in c e  histam ine i s  present r ic h ly  
in  g a s tr ic  ju ic e  a f te r  g a str in  in je c t io n . I t  was suggested  that g a str in  
might th e r e a fte r  act in d ir e c t ly ,  a f t e r  a prelim inary re lea se  o f histam ine 
as an in term ediate s te p . Does g a str in  th erefore re le a se  histam ine?
We have accumulated in  th is  work some evidence th at i t  does so .  
G astrin /
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G astrin  prepared a f t e r  the manner o f  J o rp es , J a i l in g  and Mutt (1952) 
and Uvnas (1945) re lea sed  sm all q u a n tit ie s  o f histam ine from stomach 
sk in  and s k e le t a l  m uscle. The fa c t  th a t second in je c t io n s  had much 
weaker e f f e c t s  than the f i r s t  ones i s  rem iniscent o f  an a c id  secre to ry  
e f f e c t  dependent on histam ine r e le a se ;  t h i s ,  fo r  example, was the  
same type o f r e s u lt  as found fo r  chem ical l ib e r a to r s ,  tak in g  Compound 
48/80  as a ty p ic a l  example. (See Chapter 1 , Part 1 ) .  I t  was the  
c o n sta n tly  d im in ish ing e f f e c t  o f in je c t io n s  o f g a str in  which a ttr a c te d  
the a u th o r 's  a tte n tio n  to  the p o s s ib i l i t y  th at they might a ct v ia  
histam ine r e le a s e .  Uvnas (1956) has referred  to  t h i s  as h is  own 
experience in  th is  as being the r e s u lt  o f 'ta ch y p h y la x is ':  he
d escrib ed  to  the XXth In tern a tio n a l P h y sio lo g ica l Congress a reduced  
response a f t e r  a f i r s t  in je c t io n  of g a str in  and to ld  how the secre to ry  
response freq u en tly  ceased  a fte r  2-3 con secu tive  in je c t io n s .  I t  i s  our 
view  th at th is  must be something more than tachyphylaxis s in ce  the  
dim inished e f f e c t  has been seen as much as 6 hours la ter ,a n d  i t  i s  a 
curious fa c t  th at the same observation , uncommented upon, was made by 
J a il in g  and Jorpes (1947 ). More d ir e c t  evidence fo r  g a str in  e x tr a c ts  
being in vo lved  in  histam ine re le a s in g  a c t iv i t y  i s  th at they may produce 
"delayed" depressor a ctio n s on qu ite intravenous in je c t io n  ( t h is  i s  
masked on slow  intravenous in je c t io n ) ,  they re lea se  histam ine from 
perfused sk in , s k e le ta l  muscle and stomach w a ll and they cause an a c id  
g a s t r ic /
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g a s tr ic  s e c r e t io n  when in je c te d  in to  the a cra l reg io n s. There are 
c e r ta in  c r i t ic is m s  th a t one must make, however, o f  each part o f  th is  
ev id en ce . F ir s tly ^ th e  delayed  depressor response may represent in  
the c a t a t  le a s t  a rea c tio n  to  fore ign  p ro te in ; swine g a str in  might 
not have t h is  e f f e c t  on the p ig  i t s e l f .  Secondly, the r e le a se  o f  
histam ine in  is o la te d  perfused  preparations i s  a sm all one, and, 
s in c e  a sm all r e le a se  o f histam ine can a lso  "be demonstrated in  
s im ila r  preparations w ith  b i le  s a l t s  which do not cause an acid  
s e c r e t io n , the actio n  may be something in c id e n ta l to  the true a c t io n ,  
T h ird ly jth e dem onstration o f g a s tr ic  se c r e tio n  a f te r  in je c t io n  in to  
the lower ex tre m itie s  could in  part be explained  by the continued  
c ir c u la t io n  o f g a str in  from the a r t e r ia l  to  the venous s id e  o f the 
c ir c u la t io n .
What i s  the evidence fo r  a more d ir e c t  action  of g a str in  on the 
g a s tr ic  t is s u e ?  F ir s t ly  i t s  secre to ry  a ction  i s  fa r  greater  on 
g a s tr ic  mucosa than on any other t i s s u e .  When in je c te d  in to  animals 
which have been d ep leted  of much of th e ir  t is s u e  histam ine there i s  a 
secre to ry  a c tio n  though th is  i s  markedly dim inished. G astrin , though 
i t s  own e f f e c t s  dim inish rap id ly  on repeated in je c t io n  thus su ggestin g  
some a c tio n  in  common w ith  histam ine l ib e r a to r s ,  cannot be regarded as 
being o f the same type as Compound 4 8 /8 0 , s in ce  a previous in je c t io n  o f  
Compound 48 /80  does not d etract from i t s  secretory  a c t io n . Histamine 
l ib e r a to r s  are now known which exert the f u l l  force o f th e ir  a c tio n  at 
d if f e r e n t /
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d if fe r e n t  s i t e s ,  fo r  in s ta n c e , Feldberg and Monger have con trasted  
the a c t io n s  o f  octylam ine and Compound 48/80  which a ct p r in c ip a lly  
in  the former case  in  the lung and in  the la t t e r  in  the skin*
We have considered  the evidence fo r  and aga in st ex tr a c ts  of  
g a str in  s t im u la tin g  the p a r ie ta l  c e l l ,  d ir e c t ly  or v ia  the interm ediary  
a c tio n  o f h istam in e. One must he very wary of applying these r e s u lt s  
to  an in te r p r e ta tio n  o f the n atu ra l ro le  o f the g a s tr ic  hormone j great 
care must he taken to  avoid  experim ental a r t e fa c t s ,e s p e c ia l ly  i f ,  as 
a r e s u lt  o f th e se , h istam ine i s  re lea sed  from the t is s u e  and evokes 
a c id  s e c r e t io n , lead ing  to  the mistaken b e l i e f  that one i s  handling  
g a str in  -  organic so lv e n ts  u n p h ysio lo g ica l pH, osmotic pressure e f f e c t s  
and potassium  contam ination are hazards fo r  the unwary. Again, acid  
h y d ro lysis  may y ie ld  a c t iv e  polypeptides from in er t p rotein s ’ in  v itro*  
and the true fu n ction in g  ro le  o f these polypeptides ’ in  v itro*  can sca rce ly  
he evaluated  t i l l  the f in a l  fa c to r s  c o n tr o ll in g  th e ir  formation and 
r e le a se  have been worked ou t.
The experim ents on these ex tr a c ts  o f g a str in  th erefore t e l l  us 
l i t t l e  o f the true secre to ry  p r in c ip le . How fa r  might they go towards 
'suggesting* mechanisms fo r  i t s  actio n s?  The most sim ple mechanism 
might be the d ir e c t  type o f a c t io n . A lte r n a tiv e ly  g a str in  might re lea se  
histam ine lo c a l ly  in  the region o f the p a r ie ta l c e l l  -  th is  theory  
has been supported most s tro n g ly  by those who see in  i t  as has been 
mentioned, a convenient way o f bringing togeth er  and lin k in g  up these  
tw o/
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two su b sta n ces , fo r  both  o f  wisdLoh the r o le  o f  g a s tr io  hormone has been 
e la ia e d  by the r e sp e c t iv e  proponents*
Our preparation  o f  g a s tr in  serv es  to  i l lu s t r a t e  a p o s s ib le  f a l la c y  
in  work in  t h is  f i e l d  -  that a h istam ine lib e r a to r  oould be extvented  
fr o *  the r y lo r ic  mucosa and e lab orated  on as a g a s tr ic  hormone on the  
b a s is  o f pharm acological evidence and the a b i l i t y  o f  i t  to  cause 
g a s tr ic  s e c r e t io n  w ithout a true p h y s io lo g ic a l function* N e v e r th e le ss , 
th is  might a ls o  be a p o in ter  towards the o th er p o ss ib le  ro le  o f  g a s tr in  -  
th a t ju s t  as in  the histam ine d ep leted  animal g a str in  and histam ine a c t  
s y n e r g is t ic a l ly , both substances may be necessary  fo r  f u l l  secre to r y  
a c t iv i t y .  G astrin  may in d ic a te  changes in  histam ine metabolism f a ir ly  
w id ely  a l l  over the body lead ing  to  r e le a se  o f histam ine and nay, a t  
the same tim e, d ir e c t ly  or v ia  a lo c a l  r e le a se  o f histam ine open the 
p o r ta l o f s e c r e tio n  o f histam ine v ia  the p a r ie ta l c e l l*  The surface  
ten s io n  reducing a c t iv i t y  of g a str in  may allow  i t  to  change the 
perm eab ility  o f  c e l l  w a lls  lead ing  to  m igration outwards from the 
c e l l  o f histam ine a t some s i t e s  rather than a true r e le a se  o f h istam inef 
the re lea sed  histam ine may then a c t s y n e r g is t ic a l ly  w ith  g a s tr in , s in ce  
i t  i s  already known that histam ine requires a co -fa c to r  in  the blood  
before i t  w i l l  cause acid  s e c r e t io n , This was shown by Thompson and 
Vane (1953) who had great d i f f i c u l t y  in  e l i c i t i n g  secre tio n  with histam ine 
d ir e c t ly  in je c te d  in to  the perfused stomach and found that prelim inary  
mixing of histam ine w ith blood g rea tly  p o ten tia ted  the actio n  of histam ine  
when i t  was in je c te d  in to  the vascu lar supply of the stomach.
-  411 -
SUMMARY.
1 . G astrin  prepared "by the method o f  Jorp es, J a i l in g  and Mutt 
( 1952) had p ro p ertie s  comparable to  a sm aller  sample prepared by the  
method o f Uvnas (1945) and both preparations had many c h a r a c te r is t ic s  
in  common w ith  the accounts o f  g a str in  given  by Komarov ( 1942) and 
Harper ( 1946) .
2 . G astrin  evoked a c id  g a s tr ic  s e c r e tio n  on in traven ou s, in tr a ­
muscular and subcutaneous in je c t io n . On repeated in je c t io n ,  the 
secre to ry  e f f e c t  dim inished though the p a r ie ta l c e l l s  remained 
s e n s i t iv e  to  h istam ine.
3 . Preparations o f g a str in  are thought to re le a se  h istam ine; 
the evidence i s  th a t:
(a ) they may produce on quick intravenous in je c t io n ,  a 
’d elayed 1 depressor which i s  ty p ic a l o f the a ction  o f a histam ine 
l ib e r a to r  ( th is  i s  not so evidence on slow  in fu sio n  in traven ou sly  
of th is  su b stan ce).
(b) g a str in  r e le a se s  histam ine from sk in , s k e le ta l  muscle and 
the stomach w a ll.
(e )  i t  a lso  provokes an a c id  secre tio n  when in je c te d  as remotely 
as from the stomach as p o ss ib le  in to  the a cra l t i s s u e s ,  which su g g ests , 
but does not prove that i t  may a c t by a re lea se  o f histam ine tak ing  
p lace in  the t is s u e s  o f the e x tr e m itie s .
w /
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(d ) system ic in je c t io n s  o f g a s tr in  cause a depressor response  
which i s  probably due to  h istam in e. When the p o rta l blood stream  i s  
lin k ed  to  the system ic one tem porarily  and a c lo se  in t r a -a r te r ia l  
in je c t io n  o f g a s tr in  i s  given in to  the stomach w a ll ,  a depressor  
e f f e c t  i s  brought about which i s  annualled by a histam ine a n ta g o n is t.
4 . G astr in , on the other hand, a c ts  in  some f a ir l y  s p e c i f ic  
way on the g a s tr ic  t is s u e s  s in c e :
(a )  i t s  secre to ry  actio n  i s  fa r  g rea ter  on g a s tr ic  mucosa than 
on any other t is s u e .
0 0  when in je c te d  in to  h istam in e-d ep leted  anim als, there i s  a 
secre to r y  a c t io n , though th is  i s  dim inished (the secre to ry  a c tio n  o f  
histam ine i t s e l f  i s  lessen ed  in  histam ine d ep leted  s t a t e ) .
(c )  the a c tio n  o f g a str in  i s  m aintained, even i f  an in je c t io n  
o f Compound 48/80  precedes i t .
5 . I t  i s  postu lated  that ex tr a c ts  o f g a str in  may r e le a se  histam ine 
lo c a l ly ;  i f  such preparations are re la ted  c lo s e ly  to  the '’true" hormone, 
i t  too  may do something o f th is  s o r t ,  a c tin g  as a "permissive" agent 
a llow in g  any gen era lly  re leased  histam ine to  escape v ia  the p a r ie ta l  
c e l l  as w e ll as r e le a s in g  histam ine lo c a l ly  or having a more s p e c if ic  
lo c a l  a c t io n .
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Addendum on E nterogastrone.
In h ib ito ry  hormone o f g a s tr ic  s e c r e t io n .
An in h ib ito r y  hormone o f g a s tr ic  s e c r e t io n , known as en tero -  
jgastron e, i s  d is tr ib u te d  in  the sm all in t e s t in e ,  and i t  has been 
reviewed by Grossman ( 1950) ,  Code (1951) and Gregory (1952). I t s  
discovery  stemmed from the fa c t  that in gested  fa t  in h ib ite d  both  
the motor and secre to r y  a c t iv i t y  of the stomach. Ivy and P a rre ll  
( 1925) showed th a t the in h ib ito r y  e f f e c t  on m o tility  was induced by 
a hormonal mechanism in  autotransp lanted  pouches. S im ilar stu d ies  
were done fo r  a c id  s e c r e tio n  by Peng, Hou and Lim (1929)* Rich 
e x tr a c ts  were obtained from in t e s t in a l  mucosa p reviously  trea ted  w ith  
fa t  by Kosaka and Lim (1930) who obtained a substance whose properties  
would conform w ith  those o f  a p ostu la ted  hormone. Gregory (1956) Ras 
attem pted to  provide fu rth er  p h y sio lo g ic a l evidence fo r  the ex isten ce  
of a humoral a g en t, or hormone, o f in t e s t in a l  orig in  by perfusion in  
pouch dogs em u ls if ied  o liv e  o i l  and other substances in to  the duodenum, 
and the r e s u lt s  confirm  previous fin d in g s that acid  secre tio n  may be 
in h ib ite d  by a humoral agent o f in t e s t in a l  o r ig in . There has been 
l i t t l e  development o f  the r e la t iv e ly  crude in h ib ito ry  ex tra c ts  obtained  
by him and in  view  o f the r e la t iv e ly  low potency on a weight b a s is ,  
togeth er  w ith  the fa c t  th a t g a s tr ic  secre tio n  may be in te n s if ie d  by 
such rea c tio n s  as nausea, the response to  p roteins and to pyrogens, 
i t  appears doubtfu l whether the in h ib ito ry  responses a ttr ib u ted  to  the 
en terogastrone preparations so fa r  described  are due to  the presence 
of a hormone.
GENERAL DISCUSSION.
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GENERAL LISCUSSICN OF THESIS.
This t h e s is  d ea ls  w ith  substances which are e laborated  by the  
c e l l s  of the g a s tr o in te s t in a l  tr a c t and a f f e c t  the same c e l l s  or 
other c e l l s ,  in  some circum stances a f te r  transport v ia  the blood  
stream . Local hormones have been the main to p ic  fo r  d isc u ss io n .
By ’ lo c a l  hormones' we imply 'hormones' in s id e  c e l l s ,  and Dale (1933) 
has been regarded as the au th ority  in  e s ta b lis h in g  th e ir  d e f in it io n  
(Peldberg and S c h i l f  in  1930 touched on the top ic  o f the p o s s ib i l i t y  
of ’ t is s u e  hormones’ and Gaddum had r e ite r a te d  th is  theme in  h is  
book). I t  i s  a t present d i f f i c u l t  to  demarcate the poin t a t which 
substances such as adrenaline and a ce ty lc h o lin e  change from being  
humoral transm ittors to become lo c a l hormones, but i t  can be s ta ted  
th a t the la t t e r  ro le  i s  engaging more and more a tte n tio n  (see  Burn,
1950) .
Turning to the question  o f the 'gen era l hormones', the same 
semantic problem e x is t s :  one must d if f e r e n t ia te  'hormones' from humoral 
agents and secretagogu es, reserv in g  the f i r s t  term fo r  the most 
s p e c if ic  group o f  substances elaborated  by the g a s tr o in te s t in a l t r a c t ,  
the second fo r  the n o n -sp ec if ic  substances and the la s t  term to  those  
substances which a f fe c t  g a s tr ic  secre tio n  as d ig estio n -p ro d u cts .
(Gregory, 1952)*
Considering these chem ical su bstan ces, we have to  envisage
som ething/
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something a f t e r  th e  nature o f  a spectrum: they range from substances
l ik e  a c e ty lc h o lin e  and ad ren a lin e , known neural tr a n sm itte r s  which 
may a ls o  be lo c a l  hormones, substances l ik e  histam ine and 
5-hydroxytryptam ine and i t s  precursor 5-hydroxytryptophan, which are  
alm ost c e r ta in ly  lo c a l hormones but may have a general hormonal r o le  
as w e ll ,  to  the gen era l hormones g a s tr in  and enterogastrone; then  
th ere are the secretagogues to  be considered; perhaps, fo r  the  
fu tu r e , we may hear something o f  th is  a c t iv i t y  fo r  bradykin in , which 
has been shown to  be an e s s e n t ia l  humoral substance a ctin g  as a lin k  
fo r  parasym pathetic transm ission  to  the submandibular sa liv a r y  gland  
and to  p la y  a part in  i t s  secre to ry  hyperaemia (H ilton  and Lew is,
1955, a ,  b , c ) .
We have concentrated our a tte n tio n  for the present on four  
substances, h istam ine, 5-kydroxytiyptam ine, Substance P and g a s tr in  
because o f  the fa c t  th at a l l  four are ex tra c ta b le  from g a s tr ic  t is s u e .
The s tu d ie s  on histam ine described  in th is  th e s is  have been  
planned round an attempt to  in flu en ce  the d is tr ib u t io n  o f histam ine  
and to  provoke e f f e c t s  by i t ,  whether normal ones such as g a s tr ic  
s e c r e tio n , or abnormal ones such as g a s tr ic  u lc e r a tio n . The changes 
in  d is tr ib u t io n  of histam ine fo llow ing  the adm in istration  o f a histam ine  
l ib e r a to r  and a commonly-used type o f  antih istam ine have been stu d ied , 
and the d is tr ib u tio n  o f histam ine and i t s  re lea se  in  the g a s tr ic  w a ll 
o f  the abnormal /
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abnorm al stomach of duodenal u lce ra tio n  have a l l  been s tu d ie d . 
Perhaps the emphasis must now be placed fo r  good on th is  type o f  
exp erim en t,in vo lv in g  a study o f histam ine in  the tis su e*  th is  
must su r e ly  fo llo w  the dem onstration,by L in d ell and Schayer ( I 958) ,  
th a t a great deal of histam ine can be formed lo c a l ly  in  the kidney  
of the dog from the precursor histam ine so  that any experim ents 
u sin g  the urinary method and measuring the output o f free  histam ine  
developed by Roberts and Adam now seem on in secure ground, a t  le a s t  
fo r  th is  s p e c ie s .  R esu lts based on the urinary ex cretio n  o f histam ine  
in  the post d ig e s t iv e  phase w i l l  bear l i t t l e  r e la t io n sh ip  to the  
acid  se c r e tio n  and histam ine production by the g a s tr ic  mucosa i f  in  
fa c t  the greater  quantity  o f histam ine i s  formed w ith in  the kidney  
i t s e l f ,
Gregory in  1956 reviewed the evidence th at histam ine may be 
concerned as a lo c a l  agent in  the e x c ita t io n  o f the p a r ie ta l c e l l  
and pointed out that the presence o f histam ine in  the region o f the 
p a r ie ta l c e l l s ,  in  the absence o f h istam in ase, togeth er w ith  i t s  
occurrence in  g a s tr ic  ju ic e ,  whatever the stim u lu s, suggests th at i t  
may be concerned in  the e x c ita t io n  o f the p a r ie ta l c e l l ,  but does not 
c o n s t itu te  a proof o f th is ;  in  h is  cautionary own words "It must be 
adm itted that the lib e r a tio n  o f histam ine in  the p a r ie ta l c e l l  might 
w e ll be an e f f e c t  rather than the cause o f i t s  response".
When dea ling  w ith h ighly  a c tiv e  pharm acological substances i t
h as/
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has been agreed that some kind o f order must be accepted in  th e ir  
c la s s i f i c a t io n ;  one has a lso  to  agree on some c la s s i f i c a t io n  on th e ir  
r e la t io n  to  the c e l l .  For in s ta n c e , histam ine has already been 
d iscu ssed  on the b a s is  o f i t s  lo c a l  and general hormonal r o le s .  One 
should remember that i t  may have one type o f a c t iv i t y  lo c a l ly  in  the 
c e l l s ,  and another when secre ted  from the c e l l  or re leased  from i t  by 
in ju r y . So a c t iv e  may some o f the substances be th a t they may 
stim u la te  hormones o f great potency i f  adm inistered in travenously  
and y e t th e ir  ro le  may be intended to  be an in tr a c e llu la r  one or at 
l e a s t  one confined  lo c a l ly  to the t i s s u e s .  Such may be the case  
fo r  5~bydroxytryptamine; although the fu n ction in g  human carc in o id  
tumour s e c r e te s  amazingly r ich  amounts of an^ a lso  i l lu s t r a t e s
the metabolism of i t  and other in d o le  d e r iv a t iv e s , i t  t e l l s  us l i t t l e  
about the p rec ise  p h y sio lo g ic a l s ig n if ic a n c e  o f  5-HT. One would have 
imagined that studying the human pharmacology o f the carc in o id  syndrome, 
one p a r ticu la r  hormonal a ction  o f  5-HT would have dominated the c l in ic a l  
p ic tu r e . The paradox e x is t s  that the carc in o id  syndrome serves to  
re in fo rce  one's b e l i e f  in  the lo c a l rather than the general ro le  of  
th is  substances the very  p la te le t-a b so r p tio n  and amineoxidase mechanisms 
seem to  e x i s t  fo r  the prevention o f the sm all amounts o f 5-HT which 
normally may leak from the t is s u e s  in to  the blood stream from doing any 
harm th ere .
The experiments on 5-HT and acid  g a str ic  se c r e tio n  a lso  suggest
a/
a lo c a l  ro le  fo r  th is  substance s in ce  i t  has been our experience  
th a t 5“HT in fu sed  at the o u tse t o f an experiment does not a f f e c t  
g a s tr ic  s e c r e t io n . We b e lie v e  th a t a more pronounced in h ib it io n  
o f g a s tr ic  s e c r e tio n  than was achieved by 5-HT i t s e l f  in fu sed  
exogenously , can be obtained by en rich in g  the lo c a l  t is s u e  s to r e s  
through the previous ad m in istration  o f  5“Hf precursors. We 
envisage an in h ib ito r y  mechanism which depends on acid  s tim u la tio n  
of the p y lo r ic  raucose and which a c ts  v ia  a neural mechanism in  which 
the vagus nerve seems to  play a p a rt, e ith e r  on the in goin g  or 
outgoing s id e  of a r e f le x  a rc , w ith  5-HT or i t s  precursor c lo s e ly  
a sso c ia ted  w ith i t s  fu n ctio n in g . I t  has long been known to  in v e s t -  
s ig a to rs  o f  g a s tr ic  se c r e tio n  that manipulation o f the p y lo r ic  region  
in  the ca t or dog in h ib its  g a s tr ic  se c r e tio n :  i f  one performs th is  
sim ple experim ent, and records blood pressure and r e sp ir a t io n , i t  i s  
in te r e s t in g  to  note that the blood pressure changes are c lo s e ly  
s im ila r  to  those o f 5-hydroxytryptamine (the pylorus i s  an area o f  
r ich  d is tr ib u tio n  of th is  substance) and that the animal shows 
resp ira to ry  s tim u la tio n . I t  seems to  have been n eg lected  that the  
vagus n erve, which one commonly th inks o f as the secretom otor nerve 
to  the alim entary tr a c t ,  i s  a predominantly a ffe r e n t one; i t  has been 
estim ated  fo r  in stance by A gostin i e t  a l  (1957) that the vagus nerve 
may be as much as 80$ a fferen t below the diaphragm. I t  has long been
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a p ra c tic e  in  g a s tr ic  in v e s t ig a t io n  to  s e c t io n  the vagus nerves  
when working w ith  a humoral substance such as histam ine in  an aes-  
j th e t is e d  c a ts  -  the grounds fo r  th is  are o ften  s ta te d  to  be th a t  
one must not confuse the responses to  neurogenic and humoral s e c r e t io n .  
I t  may be th a t in  performing th is  manoeuvre one i s  a ls o  guaranteeing  
fo r  o n e s e lf ,  in  the performance o f the experim ent, a p la teau  o f  acid  
s e c r e tio n  which w i l l  not be in te r fe r e d  w ith  by in h ib ito r y  nervous 
r e f le x e s ,  A high acid  concentration , stim u la tin g  the p y lo r ic  zone, 
may a lso  be obviated  by the wash out techniques which are used which  
may in v o lv e  p lacin g  as much as 20 m is. o f warm sa lin e  in  the o a t 's  
stomach. The same general p r in c ip le s  may a lso  apply to  the con stru ction  
of g a s tr ic  pouches; Heidenhain pouches se c r e te  more f r e e ly  than i s  
customary w ith  Pavlov pouches, and i t  may a lso  be the case that in  
the con stru ction  of th ese  pouches l i t t l e  a c id  s e c r e tin g  mucosa i s  
l e f t  in  the main stomach fo r  the a c t iv a tio n  of the p y lo r ic  in h ib ito r y  
mechanism fo r  which i t  i s  w idely  accepted that the pH must f a l l .  
(W ilhelm j, O'Brien and H i l l ,  1936; Woodward e t  a l . ,  1954)* Qa the 
other hand, the a ction  o f acid  se c r e tio n  on the p y lo r ic  reg io n , w hile  
apparently in h ib it in g  s e c r e t io n , may be more d ir e c t ly  concerned in  
suppressing the r e le a se  o f the e x c ita to r y  hormone. And, although  
other workers such as Code and Watkinson have had s im ila r  fin d in gs  
of in h ib ito r y  e f f e c t s  on acid  sec r e tio n  arrived  a t  through the vagus 
n erve, these experiments do not t e l l  us whether th ese  are "true" 
in h ib ito r y /
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in h ib ito r y  f ib r e s  or whether they a c t through a v a so co n str ic to r  supply  
to  the stomach, or by r e f le x ly  s t im u la tin g  re sp ir a tio n  and d istu rb in g  
the a c id  base balance o f the body.
Substance P was in v e s t ig a te d  because o f i t s  d is tr ib u t io n  in  
the stomach w a ll ,  as w e ll as i t s  w ider d is tr ib u t io n  in  the c en tra l 
nervous system  and in  autonomic gan g lia  -  which seemed to  imply some 
fu n c tio n a l connection among a l l  th ree . Uo action  was d iscovered  
e ith e r  in  stim u la tin g  or in h ib it in g  a c id  g a s tr ic  s e c r e tio n .
L astly  an examination has been made o f the preparation o f the 
substance which i s  thought to  be the chem ical hormone o f g a s tr ic  
s e c r e t io n , g a s tr in . I t  should be q u ite  c le a r  from a l l  that has been 
sa id  before th a t ,  in  making these e x tr a c ts ,  one has no knowledge that 
th is  i s  the s p e c if ic  g a s tr ic  hormone, other than by the fa c t  that i t  
causes g a s tr ic  s e c r e tio n . I t  seemed to  us that any e x tr a c t , q u ite  
apart from the true hormone, g a s tr in , might be a c tin g  as the histam ine 
l ib e r a to r , and that th is  might be one o f the experim ental p i t f a l l s  -  
a claim  might be e sta b lish ed  that a substance was g a s tr in , the 
s p e c if ic  hormone, when the substance might be merely an ex tra c t o f  
large m olecular s iz e ,  having the apporpriate p ro sth e tic  group, or 
being an amine, a l l  of which have a marked tendency to  induce histam ine 
r e le a se  and consequently acid  g a s tr ic  s e c r e t io n . Our experiments 
demonstrate that gastr in  does r e le a se  h istam ine, but th a t , q u ite  
c le a r ly /
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c le a r ly ,  o ther fa c to r s  are a t work which d if f e r e n t ia te  i t  from 
'h istam ine lib e r a to r s t .  These have a lready been d isc u sse d , the 
s e le c t iv e  actio n  on g a s tr ic  mucosa where histam ine re lea se  does not 
r e a d ily  take p la c e , the s ig n if ic a n t  (though g r e a tly  reduced) a c id  
se c r e tio n  when g a str in  i s  given to  histam ine d ep leted  c a t s ,  and the 
f a c t  th a t g a s tr ic  s e c r e tio n  can s t i l l  be evoked by in je c t io n s  o f  
g a str in  (which i s  a weak histam ine lib e r a to r )  a f t e r  in je c t io n s  o f  
Compound 4 8 /8 0  (which i s  a strong histam ine l ib e r a to r ) .  I f  both  
a ct as histam ine r e le a s in g  substances i t  may be th a t th e ir  s i t e s  o f  
a c tio n  are d if f e r e n t .  Compound 4 8 /8 0  has i t s  major s i t e  o f a ctio n  
on such periph era l t is s u e s  as sk in  and s k e le ta l  m uscle, w ith  the  
g a s tr o - in te s t in a l  t r a c t ,  other than stomach, l i t t l e  a ffe c te d ;  the 
reverse p ic tu re  may be true fo r  g a s tr in , th a t the r e le a se  o f  histam ine 
takes p lace predominantly as lo c a l  histam ine r e le a se  in  the stomach 
w a ll. Perhaps g a str in  has a perm issive ro le  in i t i a t in g  the secre to ry  
a ctio n  of and a llow ing  the escape o f histam ine from the p a r ie ta l c e l l s  
and any g en era lly  re lea sed  histam ine b e s id e s .
4
From the d escr ip tio n  o f th is  p ro te in  hormone, r e s is ta n t  to  
b o ilin g  ac id s  and organic s o lv e n ts ,  we must regard i t  as composed o f  
r ig id  u n its  o f f ix e d  in te r n a l stru ctu re  o f such s iz e  as would enable  
i t  to  penetrate c e l lu la r  membranes to  the appropriate s i t e  o f a c t io n .  
I t  seems strange that p y lo r ic  t is s u e  should have as i t s  ta rg et organ, 
not the same organ, but another part o f i t ,  the proximal part of the  
stomach. We/
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We know t h a t  t h y r o t r o p h i c  hormone i s  'h o u n d '  by  t h y r o i d  c e l l s  a n d  
a d r e n o c o r t i c o t r o p h i c  hormone by c e l l s  o f  t h e  a d r e n a l  c o r t e x .  We 
do n o t  know o f  s p e c i a l  g ro u p s  f o r  t h e s e  p r o t e i n  h o rm o n e s ,  b u t  a n t i -  
t h y r o t r o p h i c  g r o u p in g s  a r e  known t o  w h ic h  t h y r o t r o p i c  hormone 
becom es f i x e d  and  l i k e w i s e  f o r  g o n a d o t r o p h i n s .  To s o l v e  t h e  
q u e s t i o n  o f  w h e th e r  p r e p a r a t i o n s  o f  g a s t r i n  a r e  p h y s i o l o g i c a l  i n  
t y p e  ( a n d  t h e r e f o r e  t o  c l o s e  t h e  gap  b e tw e en  th e  p h y s i o l o g i c a l  
e x p e r i m e n t s  on t h e  'h o rm o n e '  and  t h e  b i o c h e m i c a l  e x p e r i m e n t s  on t h e  
' e x t r a c t ' ) ,  i t  m y  so o n  be  p o s s i b l e  t o  exam ine g a s t r i n  p r e p a r a t i o n s  
t o  s e e  w h e th e r  t h e y  a r e  t r u e  horm ones b y  e x a m in in g  t h e i r  p o s s i b l e  
c o m b in a t io n  w i t h  c e l l s  o f  t h e  o rg a n  w h e re  t h e y  a r e  s u p p o s e d  t o  a c t ,  
u s i n g  t e c h n i q u e s  c u r r e n t l y  b e i n g  a p p l i e d  t o  d i s e a s e s  i n  w h ic h  a u t o ­
a n t i b o d i e s  a r e  b e i n g  i n v e s t i g a t e d .  P e r h a p s ,  t i l l  t h e n  i t  w ould  be 
v / i s e r  t o  re m in d  o u r s e l v e s ,  q u o t i n g  a g a i n  f ro m  S i r  H enry  b a l e ' s  Dohrne 
L e c t u r e s ,  1933, t h a t ,  f o r  t h e  m eantim e " th e  d i s c o v e r y  i n  a r t i f i c i a l  
e x t r a c t  f ro m  an o rg a n  o r  t i s s u e ,  o f  a s u b s t a n c e  w h ic h  p ro d u c e s  a  
pharm acodynam ic  e f f e c t ^  p r o v i d e s  o n ly  a  f i r s t  i t e m  o f  p r e s u m p t iv e  
e v id e n c e  t h a t  t h e  a c t i o n  o f  t h i s  s u b s t a n c e  p l a y s  a  p a r t  i n  n o rm a l  
p h y s i o l o g y .  Much more e v id e n c e  i s  r e q u i r e d  b e f o r e  we ca n  a t t r i b u t e
c l e a r l y  d e f i n e d  f u n c t i o n s  t o  s u c h  a  s u b s t a n c e  ........... b u t  even  w here
t h i s  i s  p o s s i b l e ,  we have  s t i l l  no  e v i d e n c e  t o  j u s t i f y  t h e  a s s u m p t io n  
t h a t  t h e  s u b s t a n c e  comes n a t u r a l l y  i n t o  a c t i o n  i n  t h e  body o f  th e  
f r e e  c o n d i t i o n  i n  w h ic h  we i s o l a t e  an d  i d e n t i f y  i t " .
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SUMMARY OF CHAPTER CUE.
1 .  C o m p o u n d  48/ 80 , w h e n  i n j e c t e d  i n t r a v e n o u s l y  i n  d o s e s  o f  5 u g / k g  
o r  m o re  i n t o  c a t s ,  c a u s e s  a c i d  g a s t r i c  s e c r e t i o n .  R e p e a t e d  i n j e c t i o n s  
l e s s e n  t h e  s e c r e t o r y  r e s p o n s e .
2 .  T h e  s e c r e t o r y  r e s p o n s e  t o  c o m p o u n d  48/80  w h e n  i n j e c t e d  i n t r v e n o u s l y  
i s  n o t  d u e  t o  a n  a c t i o n  o f  t h e  h i s t a m i n e  l i b e r a t o r  o n  t h e  g a s t r i c  
m u c o s a ,  b e c a u s e  i n j e c t i o n s  i n t o  t h e  c o e l i a c  a r t e r y  a r e  l e s s  e f f e c t i v e  
t h a n  i n t r a v e n o u s  o n e s .  I t  i s  p r o b a b l y  a c c o u n t e d  f o r  a l m o s t  e n t i r e l y
b y  r e l e a s e  o f  h i s t a m i n e  f r o m  s u c h  a s  s k i n  a n d  s k e l e t a l  m u s c l e .
3 .  T h e  s e c r e t o r y  r e s p o n s e  t o  c o m p o u n d  48/80  o n  i n j e c t i o n  i n t o  t h e  
c o e l i a c  a r t e r y ,  h o w e v e r ,  i s  d u e  t o  a  l o c a l  e f f e c t  on  t h e  m u c o s a ,  s i n c e  
s e c r e t i o n  e l i c i t e d  i n  t h i s  w a y  i s  g r e a t e r  t h a n  t h a t  o b t a i n e d  w i t h  t h e  
s a m e  d o s e  i n j e c t e d  i n t r a p o r t a l l y .
4 . C o m p o u n d  48/80  i n j e c t e d  i n t o  t h e  c o e l i a c  a r t e r y  a c t s  b y  r e l e a s e  
o f  a  s m a l l  f r a c t i o n  o f  t h e  m u c o s a l  h i s t a m i n e ,  s i n c e  i t  may l e a d  t o  
t e m p o r a r i l y  i n c r e a s e d  p l a s m a  h i s t a m i n e  l e v e l s  i n  t h e  v e n o u s  e f f l u e n t .
A s m a l l  f r a c t i o n  o f  t h e  h i s t a m i n e  i n  g a s t r i c  t i s s u e ,  s u c h  a s  i s  
r e l e a s e d  b y  h i s t a m i n e  l i b e r a t o r s ,  may b e  r e l e a s e d  t o  a c t i v a t e  t h e  
a c i d  s e c r e t o r y  p r o c e s s .
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SUMMARY OF CHAPTER TWO.
1 .  T h e  h i s t a m i n e  c o n t e n t  o f  t h e  s k i n  o f  t h e  c a t  s h o w s  r e g i o n a l  
d i f f e r e n c e s  s i m i l a r  t o  t h o s e  f o u n d  i n  o t h e r  s p e c i e s .  I n  i s  p o s s i b l e ,  
w i t h  s i n g l e  i n t r a v e n o u s  o r  i n t r a - i n j e c t i o n s  o f  C o m p o u n d  48/ 80 ,  t o  
r e d u c e  t h e  s k i n  h i s t a m i n e  p a r t i c u l a r l y  i n  r e g i o n s  o f  h i g h e s t  h i s t a m i n e  
c o n t e n t .  I n j e c t i o n s  o f  C o m p o u n d  48/80  i n t o  t h e  c o e l i a c  a r t e r y  l e a d ,  
i n  a d d i t i o n ,  t o  a  s l i g h t  r e d u c t i o n  i n  t h e  h i s t a m i n e  o f  t h e  m u c o s a  o f  
t h e  c o r p u s  r e g i o n  o f  t h e  s t o m a c h .  I n  a l l  o t h e r  t i s s u e s  e x a m i n e d  t h e  
h i s t a m i n e  c o n t e n t  i s  u n c h a n g e d .  The  r e l e a s e  o f  h i s t a m i n e  f r o m  t h e  
s k i n  l e a d s  t o  a  t r a n s i e n t  r i s e  o f  p l a s m a  h i s t a m i n e .
2 .  I n t r a p e r i t o n e a l  i n j e c t i o n s  o f  C om p o u n d  48/80  i n  c a t s  a r e  f o l l o w e d  
i n i t i a l l y  b y  s e v e r e  s y m p to m s  o f  p r o s t r a t i o n  a n d  v a s c u l a r  e f f e c t s .  C11 
r e c o v e r y ,  e r y t h e m a  a n d  f a c i a l  o e d e m a  a r e  n o t i c e a b l e .  W i t h  r e p e a t e d  
i n t r a p e r i t o n e a l  i n j e c t i o n  o f  C om pound  48/ 80 ,  t h e  s y m p to m s  d e c r e a s e  i n  
i n t e n s i t y  a n d  h i g h e r  d o s e s  h a v e  t o  b e  g i v e n  t o  b e  e f f e c t i v e .  T h i s  
r e f r a c t o r i n e s s  i s  m a i n l y  a c c o u n t e d  f o r  b y  l a c k  o f  l a b i l e  t i s s u e  
h i s t a m i n e .  By t h e s e  i n j e c t i o n s  i t  i s  p o s s i b l e  t o  r e d u c e  t h e  h i s t a m i n e  
i n  t h e  s k i n  b y  o v e r  8 0 $ .  L u n g ,  s k e l e t a l  m u s c l e  a n d  g a s t r i c  m u c o s a  o f  
t h e  c o r p u s  r e l e a s e  s m a l l  a m o u n t s .  The  h i s t a m i n e  o f  t h e  o t h e r  t i s s u e s  
e x a m i n e d  i s  r e s i s t a n t  t o  r e l e a s e  b y  C o m pound  48/ 8O.
3 .  I n  c a t s  t r e a t e d  w i t h  r e p e a t e d  i n t r a p e r i t o n e a l  i n j e c t i o n s  o f  C om pound  
4 8 / 8 0  a n d  i n  c a t s  t r e a t e d  w i t h  m a s s i v e  d o s e s  o f  h i s t a m i n e  i n  b e e s w a x ,  a n  
i n t r a v e n o u s  i n f u s i o n  o f  h i s t a m i n e  p r o d u c e s  a  m uch  s m a l l e r  r i s e  i n  p l a s m a  
h i s t a m i n e  t h a n  i n  u n t r e a t e d  c a t s .  T h i s  may a c c o u n t  i n  p a r t  f o r  t h e
g r e a t e r /
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g r e a t e r  r e s i s t a n c e  o f  t h e  C o m p o u n d  4 8 / 8 0 - t r e a t e d  c a t s  t o  h i s t a m i n e .  
M e a n s  f o r  t h i s  d i s p o s a l  o f  r e l e a s e d  h i s t a m i n e  a r e  d i s c u s s e d ,  am o n g  
w h i c h  p a y  "be a b s o r p t i o n  i n t o  t h e  g a s t r o - i n t e s t i n a l  t i s s u e s .
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SUMMARY OF CHAPTER THREE.
1 .  T h e  e f f e c t  o f  c o m p o u n d  4 8 / 8 0  o n  t h e  g u i n e a - p i g ’ s  i l e u m  p r e p a r — 
s a t i o n  s u s p e n d e d  i n  15 m l .  m a g n e s i u m - f r e e  T y r o d e  s o l u t i o n  w a s  e x a m i n e d .  
When a d d e d  t o  t h e  b a t h  i n  a  d o s e  o f  2 m g, i t  p r o d u c e d  a  s t r o n g  t r a n s ­
i e n t  c o n t r a c t i o n ,  f o l l o w e d  b y  i n c r e a s e d  m o t o r  a c t i v i t y  a n d  d e v e l o p -  
: m e n t  o f  t o n e  a f t e r  w a s h i n g  o u t  t h e  c o m p o u n d  48/ 8O; t h e  s e n s i t i v i t y
o f  t h e  p r e p a r a t i o n  t o  h i s t a m i n e  a n d  a c e t y l c h o l i n e  d e c r e a s e d .
2 .  T h e  p e r i o d s  o f  i n c r e a s e d  m o t o r  a c t i v i t y  i n d u c e d  b y  c o m p o u n d  48/ 8O 
w e r e  a s s o c i a t e d  w i t h  t h e  d i f f u s i o n  o f  h i s t a m i n e  f r o m  t h e  i n t e s t i n a l  
w a l l  i n t o  t h e  b a t h  f l u i d .
3 .  T h e  m o t o r  e f f e c t s  o f  c o m p o u n d  48/80  c o u l d  b e  e x p l a i n e d  b y  t h e  
r e l e a s e  o f  h i s t a m i n e ;  a  d i s t i n c t i o n  m i g h t  b e  m ade b e t w e e n  t h e  a c t i o n  
o f  t h e  h i s t a m i n e  d i f f u s i n g  i n t o  t h e  b a t h  f l u i d  ( e x t r i n s i c  h i s t a m i n e )  
a n d  t h e  h i s t a m i n e  a c t i n g  w i t h i n  t h e  m u s c u l a r  c o a t  a t  t h e  s i t e  o f  i t s  
r e l e a s e  ( i n t r i n s i c  h i s t a m i n e ) .
4 .  O t h e r  h i s t a m i n e  l i b e r a t o r s ,  l i k e  p r o p a m i d i n e ,  D - t u b o c u r a r i n e  a n d  
t r y p t a m i n e ,  p r o d u c e  m o t o r  e f f e c t s  c o m p a r a b l e  t o  t h o s e  p r o d u c e d  b y  
c o m p o u n d  48/ 80 ,  a n d  a l s o  a s s o c i a t e d  w i t h  t h e  a p p e a r a n c e  o f  h i s t a m i n e  
i n  t h e  b a t h  f l u i d ;  b u t  h i s t a m i n e  l i b e r a t o r s  may h a v e  m o t o r  e f f e c t s  on  
t h e  i n t e s t i n e  i n d e p e n d e n t  o f  h i s t a m i n e  r e l e a s e .  T h i s  a p p e a r s  t o  b e  s o  
w i t h  t r y p t a m i n e .
5» S m a l l  d o s e s  o f  m e p y r a m i n e , w h i c h  i s  kn o w n  t o  b e  a  p o t e n t  h i s t a m i n e  
l i b e r a t o r , /
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l ib e r a to r ,  sometimes produce, in  the g u in ea -p ig ’s ileum  preparation , 
before the an tih istam in e e f f e c t  d evelop s, a tra n s ien t period o f  
in creased  s e n s i t iv i t y  to  histam ine and the appearance o f sm a ll, 
rhythmic movements. ' In preparation prev iously  trea ted  w ith compound 
4 8 /8 0 , sm all doses o f mepyramine may o cca s io n a lly  even cause con traction  
w ith  superimposed rhythm icity . These e f f e c t s  are a ttr ib u ta b le  to  
histam ine r e le a s e . (See Chapter F iv e ) .
6. The p o s s ib i l i t y  i s  d iscu ssed  th a t in  some sp e c ie s  histam ine p lays  
a ro le  in  ’spontaneous' motor a c t iv i t y  o f the in t e s t in e .
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SUMMARY OF CHAPTER FOUR.
1. Intravenous and in tr a p e r ito n e a l in je c t io n s  o f Compound 48/80 in  
gu in ea-p igs and ra ts  cause g a s tr ic  erosion s and u lcera tio n  which are 
the r e s u lt  o f histam ine r e le a s e .
2 . Prolonged treatm ent w ith  Compound 48/80 e f fe c te d  considerab le  
reduction  in  the t is s u e  histam ine o f r a ts ;  the reduction  of t is s u e  
histam ine o f gu in ea-p igs was by comparison s l ig h t .  More thorough 
r e le a se  o f histam ine was prevented by the outstanding s e n s i t iv i t y  of 
gu in ea-p igs to  sm all amounts o f re leased  h istam ine. Measures to  
antagonize or counteract the in te n s ity  of the h ista m in e-lik e  e f f e c t s  
were adopted, but these in  turn in flu en ced  the process o f histam ine 
r e le a s e . In the case o f mepyramine, the histam ine lib e r a tio n  from the 
t is s u e s  was even accentuated .
3 . Horse serum produces the same e f f e c t s  as a histam ine lib e r a to r  in  
r a ts ;  the g a s tr ic  e f f e c t s  are in te n s if ie d  w ith  the a n tih istam in ase , 
aminoguanidine. The e f f e c t  o f horse serum i s  in va lid a ted  by p rior  
histam ine re lea se  e f fe c te d  by sm all doses of Compound 48/80 given over 
a prolonged p eriod .
4* R elease o f histam ine accounts fo r  the a ction  o f gastro tox in  or 
Bolton tox in  in  gu in ea -p ig s . Comparable e f f e c t s  on the stomach are 
produced by Compound 48/80 and anaphylactic shock. Aminoguanidine 
a ctin g  as an an tih istam inase in t e n s if ie s  these e f f e c t s .  Prior t r e a t -  
:ment w ith  Compound 48/80 in  sm all doses over a prolonged period  
in v a lid a te s  the e f f e c t s  of gastro tox in  given subsequently.
-  431 -
SUMMARY OF CHAPTER FIV E .
1. A method o f assay in g  an an tih istam ine substance such as mepyramine 
has been d ev ised ; i t  has been adapted to  the assay o f histam ine and 
antih istam ine in  m ixtures.
2. The amount o f an tih istam in e in  gu inea-p ig  t is s u e  has been measured 
i t  was h igh est in  the brain and low est in  the alim entary tr a c t .  The 
an tih istam in e appears to  re lea se  histam ine mostly from sk in  and lung, 
but l i t t l e  change occurs in  the g a s tr o in te s t in a l t i s s u e s .
3 . T issue from human su b jec ts  in je c te d  w ith  mepyramine shows higher  
le v e ls  o f an tih istam ine in  sk in  and s k e le ta l  muscle than in  g a s tr ic  
t i s s u e .
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SUMMARY OF CHAPTER S IX .
1 . Histamine was presen t to  a g rea ter  ex ten t in  t is s u e  form 
from the "body o f the human stomach than from the p y lo r ic  antrum.
2. Histamine was present in  h igher concentration  in  the mucosa 
than in  the submucosa or tun ica  m uscularis: on con stru ction  o f  
histam ine p r o f i le s  i t  seemed l ik e ly  that much o f  the histam ine
of the body o f the stomach was in  the same region as the p a r ie ta l  
c e l l s .
3 . The amount of histam ine present in  the stomachs w ith  high  
acid  se c r e tio n  from duodenal u lce r  cases was not greater  than in  
stomachs w ith a low acid  secre tio n  obtained from cancer c a s e s .
4 . The r e le a se  o f  h istam ine, fo llo w in g  a p p lica tio n  o f a histam ine  
l ib e r a to r  to  the t i s s u e s ,  was greater  in  the mucosal and submucosal 
lay ers  o f the body o f the stomach than in  the corresponding layers  
in  the p y lo r ic  antrum; the re lea se  o f histam ine was h igh est in  the  
submucosse, and was a lso  greater  in  duodenal u lce r  cases than in  
cancer on es.
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CHAPTER (BE.
SUMMARY.
Tryptamine and 5-hydroxytryptamine re lea se  histam ine from l iv in g  
t is su e ;  th is  f in d in g  "brings them in to  l in e  w ith the large group o f 
amines having th is  property . The h istam ine-re le a s in g  a c t iv i ty  of 
tryptamine and 5-hydroxytryptamine i s  about 100 times le s s  than that 
of compound 48/ 80 . The r e le a se  o f histam ine was demonstrated under 
the fo llo w in g  experim ental con d itio n s:
(a) A fter  a r t e r ia l  in je c t io n  of e ith e r  tryptamine or 5-kydroxy- 
:tryptamine in to  the perfused sk in  f la p  or gastrocnemius of the c a t.
(h) A fter  a r t e r ia l  in je c t io n  o f tryptamine in to  the perfused skin  
f la p  o f the dog.
(c )  A fter  subcutaneous or repeated in tra p er ito n ea l in je c tio n s  
o f tryptamine to  r a t s .  The subcutaneous in je c tio n  caused a lo c a l  
reduction in  the histam ine content of sk in  a t the s i t e  of in je c t io n ,  
the in tra p er ito n ea l in je c t io n s  a general reduction of the histamine 
content of sk in  and s k e le ta l  muscle.
(d) 5-HT secre te d  endogenously in  p a tien ts  w ith carcinoid  tumours 
appears to  provoke a high urinary excretion  of free  h istam ine. This may 
be one of the mechanisms underlying the flu sh in g  attack s of these p a tien ts  
The r e la t io n sh ip  o f the urinary excretion  of histamine to acid  secre tion  
i s  d iscu ssed . (See a lso  Chapter S ix ) .
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CHAPTER TWO.
SUMMARY.
1* The e f f e c t s  o f 5“®? on g a s tr ic  secre tio n  have been 
examined in  dogs a n a esth e tised  w ith ch lo ra lo se  and urethane and 
prepared w ith  a stomach f i s t u la  and a lig a tu r e  at the pyloro-duodenal 
ju n ctio n .
2. Intravenous in fu sio n  o f 5-HT fo r  45 -  90 min. did not 
stim u la te  a c id  g a s tr ic  se c r e tio n  hut appeared to  increase the 
production o f  mucus.
3 . When an a c id  g a s tr ic  secre tio n  was stim ulated by a 
continuous intravenous in fu s io n  or h istam ine, in fu sion  o f 5“®  fo r  
30 min. was found to  in h ib it  the s e c r e tio n .
4 . In fu sio n  o f 5-HT a t the s ta r t  o f h istam ine-stim ulated  
g a s tr ic  s e c r e tio n  was found to  be le s s  e f f e c t iv e  in  producing 
in h ib it io n  than when given 1 . -  2 hr. la t e r .
5. When 5-HT was given a f te r  b i la t e r a l  c er v ica l vagotony i t  
was found to  be le s s  e f f e c t iv e  in  in h ib it in g  h istam ine-stim ulated  
s e c r e t io n .
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CHAPTER THREE.
SUMMARY.
1 . Intravenous in fu s io n s  of 5-HTP were follow ed by a f a l l  
in  the output o f  h istam in e-stim u lated  g a s tr ic  secre tio n  in  anaes- 
j th e t is e d  dogs. O ccasionally  5-HTP stim ulated  acid  g a s tr ic  secre tio n  
fo r  a short time as i t s  f i r s t  a c t io n . The e f f e c t s  o f 5-HTP were 
s im ila r  to  those of 5-HT except that they occurred a f te r  a longer  
la te n t  p eriod .
2 . In p rev iou sly  starved  a n a esth etised  dogs feed in g  w ith  
tryptophan before the s ta r t  o f an experiment led  to a f a l l  in  acid  
output between 1 - 3  hours a f te r  the onset of h istam ine-stim ulated  
se c r e t io n .
3 . The 5-HT le v e ls  in  p orta l blood v/efe found to  be higher in  
fed  than in  starved  dogs, but the le v e ls  did not increase a fte r  
in fu sio n  o f h istam ine. The acid  secre tio n  e l i c i t e d  by histam ine 
in fu s io n s  in  rec en tly  fed  dogs was le s s  in  amount than that of 
dogs which had been starved  over 36 hours. Local in crease  in  5-HT 
concentration  in  the w a ll o f  g a s tr o in te s t in a l t r a c t ,  w ith  re lea se  o f  
5-HT in to  the p orta l blood stream , could account fo r  th ese  f in d in g s .
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CHAPTER FOUR.
SUMMARY.
1. I t  has already been shown th a t when dogs are starved  fo r  
24/36 hours histam ine stim u lated  secre tio n  reaches a steady s ta te  
between 1-J- -  3 i  hours, a f t e r  s ta r t in g  the histam ine in fu s io n . When 
the animals have been fed  12 hours before the experim ents, in h ib it io n  
of the histam ine stim u lated  sec r e tio n  began a f te r  1-lJ- hours and
was complete by 3-3-J hours.
2. This in h ib it io n  o f  histam ine stim ulated  secre tio n  in  recen tly  
fed  dogs could  be prevented by b i la t e r a l  c e r v ic a l Yagotomy or by 
ty in g  a l ig a tu r e  a t the antral-body ju n ction .
3 . Compounds such as phenyl d i-guanide and v e r a tr in e , which 
l ik e  5-HT stim u la te  vagal a fferen t nerve a c t iv i t y ,  have in h ib ito ry  
e f f e c t s  on g a s tr ic  s e c r e tio n  s im ila r  to  those of 5-HT; th is  would 
appear to  be pharm acological evidence fo r  a fferen t vagal nerve 
c o n tr o l, perhaps through a vago-vagal r e f le x ,  o f a c id  se c r e tio n .
The p y lo r ic  zone might act as a recep tion  area fo r  th is ;  i t s  mucosa 
being stim u lated  by con tact w ith  a high concentration o f a c id . 5-HT 
could act as an a ffe r e n t tran sm itter  fo r  th is  mechanism; recent feed in g  
would tend to  enrich  the lo c a l s to res  o f th is  substance v ia  i t s  
precu rsors.
4/
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4« The e f fe r e n t  s id e  o f the mechanism con tro llin g  a c id  secre tio n  
o u tlin ed  in  th ese  chapters has not been stu d ied  in  d e t a i l .  I t  i s  
p o ss ib le  th a t 5-HT might produce i t s  e f f e c t  through f ib r e s  in  the 
vagus nerve which are in h ib ito r y  to  a c id  secre tio n  such as were found 
by Pavlov (1902) and Schachter (1949)> i t  i s  known that 5-HTP 
p en etrates the blood brain  b a rrier  and may lead  to  lo c a l  in creases  
o f 5-HT in  important c e n tr e s . In neural t is s u e  the conversion to  
5-HT i s  extrem ely rap id .
- .1 6
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CHAPTER FIVE.
SUMMARY.
The in c id e n c e , a e t io lo g y , pathology, h is to g e n e s is  and h is to lo g y  
of argentaffinom a i s  f i r s t l y  surveyed.
The account continues w ith :
i )  a review  o f n ine cases o f m etastasing argentaffinom a and 
the fea tu res  a ttr ib u ta b le  to  5HT se c r e tio n ; blood le v e ls  o f 5HT have 
been examined in  each c a se .
i i )  the a p p lica tio n  o f a urinary t e s t  fo r  5HIAA, the oxidation  
product o f 5HT, which has provided a u se fu l way o f d e tec tin g  over­
production o f 5-HT by the tumour. Various a p p lica tio n s o f the t e s t  
have been made, in  p a rticu la r  to  check whether a l l  the tumour has 
been era d ica ted , and in  th is  way to  a sse ss  prognosis.
i i i )  Therapeutic measures should be planned so as to  remove the 
tumour or am eliorate the e f f e c t s  o f 5-HT on the major systems of the 
body and in  p a r ticu la r  on the h eart. This may be p o ssib ly  by the 
use o f s p e c if ic  an tagon ists  and by radiotherapy, in clud ing  the use 
o f is o to p e s , in  advanced oases where su r g ic a l removal may not be 
p o s s ib le .
-  439 -
CHAPTER SIX.
SUMMARY.
1 . The normal metabolism of 5-HT i s  again d iscu ssed  and the 
f i r s t  i s o la t io n  o f  5-HTP in  ca rc in o id s i s  described .
2 . Reasons are advanced fo r  con sid ering  that 5-HTP rather  
than 5-HT i s  the hormone o f the a rg en ta ffin  c e l l .
3 . The e f f e c t s  o f  high protein  feed in g  and L-tryptophan have 
been shown to  confirm  in  humans the accepted biochem ical pathways
o f 5-HT form ation . The feed in g  of fa t  did not in flu en ce 5“HT r e le a s e .
4 . The e f f e c t s  o f a lc o h o l, reserp ine and histam ine o f 5HT blood
le v e ls  are d escrib ed .
5 . The a c id  se c r e tio n  in  response to  histam ine has been
examined in  four se c r e tin g  carc in o id  ca ses  and the e f f e c t s  in  two
other ca ses  provoked by reserp ine and ip ro n ia z id . Acid g a str ic  
secre tio n  was most markedly changed in  the la t t e r  in sta n ce , probably 
because ip ro n ia z id  a f f e c t s  the le v e l  o f 5-HT in  the t is s u e s  rather  
than in  the blood stream .
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PART POUR.
1# Substance P d id  not evoke se c r e tio n  of hydrochloric a c id  from 
the stomach o f cats*
2. Substance P f a i le d  to  d im inish the acid  secre tio n  produced by 
vaga l s tim u la tio n  and by h istam ine, nor did i t  enhance i t  which seens 
important in  view  o f the id ea  propounded by Vogt ( I 949) that th is  
substance might be engaged in  transm ission  a t vagal nerve endings in  
the upper g a s tr o - in te s t in a l  t r a c t .
o ;.‘V- in i  \ : ■ ■ i  ^
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PART FIVE.
(1 ) G astrin  prepared by the method o f  Jorp es, J a il in g  and Matt (1952) 
had p ro p ertie s  comparable to  a sm aller sample prepared by the method 
of Uvnas (1945) an^ “both preparations had many c h a r a c te r is t ic s  in  
common w ith  the accounts o f g a str in  given by Komarov (1942) and 
Harper (1 9 4 6 ),
(2 ) G astrin  evoked ac id  g a s tr ic  se c r e tio n  on intravenous intram uscular 
and subcutaneous in je c t io n . On repeated in je c t io n , the secretory  e f f e c t  
dim inished though the p a r ie ta l c e l l s  remained s e n s it iv e  to  h istam ine.
(3 ) Preparations o f g a str in  are thought to  re lea se  h istam ine; the 
evidence i s  th a t
(a) they may produce on quick intravenous in je c t io n , a ’delayed’ 
depressor which i s  ty p ic a l o f the a ction  of a histam ine lib e r a to r  ( th is  
i s  not so  ev ident on slow in fu sio n  in travenously  o f th is  su bstan ce).
(b ) g a str in  re le a se s  histam ine from sk in , s k e le ta l  muscle and 
the stomach w a ll .
( c )  i t  a ls o  provokes an acid  secre tio n  when in jec te d  as remotely 
from the stomach as p o ss ib le  in to  the a cra l t i s s u e s ,  which su g g ests , 
but does not prove that i t  may a ct by a re le a se  o f histam ine taking  
place in  the t is s u e s  o f the e x tr e m itie s .
(d) system ic in je c t io n  o f g a str in  causes a depressor response 
w hich/
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which i s  prohahly due to  h istam ine. When the p orta l blood stream  
i s  link ed  to  the system ic one tem porarily and a c lo se  in tr a -a r te r ia l  
in je c t io n  o f g a str in  i s  given  in to  the stomach w a ll, a depressor e f f e c t  
i s  brought about which i s  annulled  by a histam ine an tagon ist.
(4 ) G astrin  on the other hand a c ts  in  some f a ir ly  s p e c if ic  way on 
the g a s tr ic  t is s u e s  s in ce
(a ) i t s  secre to ry  a ctio n  i s  fa r  greater  on g a s tr ic  mucosa than 
on any other t i s s u e .
(b) when in je c te d  in to  histam ine d ep leted  anim als, there i s  a 
secre to ry  a c t io n , though th is  i s  dim inished (the secretory  action  of  
histam ine i t s e l f  i s  lessen ed  in  histam ine depleted  s ta te .)
(c )  the actio n  o f  g a str in  i s  maintained even i f  an in je c tio n  of 
Compound 48/80 precedes i t .
( 5) i t  i s  p ostu la ted  that ex tra c ts  of g a str in  may re lea se  histam ine  
lo c a l ly ;  i f  such preparations are re la ted  to  the ’’true" hormone they  
too may do something o f th is  so rt a c tin g  as "perm issive” a g en ts, 
allow ing  any g en era lly  re lea sed  histam ine to  escape v ia  the p a r ie ta l  
c e l l ,  but they must a ls o  exer t some more s p e c if ic  r o le ,  which may be 
a lo c a l r e le a se  c f  t is s u e  h istam ine, on the g a s tr ic  mucosa*
APPENDIX.
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APPENDIX.
1. Pharmacology o f  Compound 48 /80 .
2 . B io lo g ic a l  assay  o f histam ine and 5-hydroxytryptamine.
3 . E stim ation  o f histam ine in  the t is s u e s .
4 . Experim ental production o f g a s tr ic  u lcer  by the in je c tio n  
o f g a stro to x in  (B olton to x in ) .
5 . P erfusion  o f sk in  f la p s  by the method of Peldberg and Paton 
p erfu sion  o f stomach.
6. E stim ation  o f free  histam ine in  the urine.
7 . P a th o lo g ica l e f f e c t s  o f amine histam ine.
8 . H is to lo g ic a l methods.
9 . Assay procedure fo r  5“kydroxyindoleacetic a c id .
10. Case rep o rts .
11. Substance P.
12. G astrin  (ex tra c tio n  method o f Uvnas).
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APPENDIX.
1 . PHARMACOLOGY OF COMPOUND 48 /80 .
At the present the most potent histam ine lib e r a to r  described, i s  
the long a c t in g  depressor agent Compound 48/ 80. B a ltz ly , Buck, de 
Beer and Webb (1949) who f i r s t  described the fam ily to  which th is  
drug b e lo n g s, obtained i t  by condensation of alkoxyphenylkylamine 
w ith  formaldehyde in  the presence of a c id . The compound i s  prepared 
by h eatin g  N-methylhomoanisylamine with an exact equivalent of  
formaldehyde fo r  four hours in  the presence of 6 I  HC1. A fter evap­
o r a t io n  to  dryness the residue i s  taken up in eth an ol. On the 
ad d ition  o f e th y la c e ta te  and e th er , a s o l id  separates which i s  f i l t e r e d  
o f f  and d r ie d . Compound 48/80 i s  a f in e ,  white n o n -cry sta llin e  powder, 
very so lu b le  in  water and apparently qu ite s ta b le . It has been found 
easy to  prepare reproducible batches of id e n t ic a l to x ic i ty  and 
pharm acological p ro p er tie s . B a ltz ly  and co-workers (1949) have given  
reasons fo r  con sid erin g  i t  to  be a mixture o f dim ers, trim ers and 
tetram ers, w ith  some admixture o f h igher polymers.
A prelim inary report o f the pharmacological properties o f compound 
48/80 was given before the Federation of American S o c ie t ie s  for  Exper­
im e n ta l B iology (Dews and de B eer, 1949)* At that time i t  was observed 
that some o f the e f f e c t s  o f the compound resembled those produced by 
histam ine. Feldberg and Paton (195^)» Paton (1951)* an -^ l*a^on an<^  
Schachter/
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Schachter (1951) la t e r  emphasised th at the drug belongs to  that c la ss  
of substances which have been named "histamine lib era tors" ; i t  produces 
the c h a r a c te r is t ic  delayed depressor response on intravenous in je c tio n  
which i s  ty p ic a l o f histam ine re le a s in g  agents (Macintosh and Paton, 
1949).
When plasma samples were withdrawn one or two minutes a f te r  the 
in je c t io n ,  the h istam ine equ ivalent of the plasma was markedly elevated  
(Paton, 195 l)»  A substance then appeared in the la t t e r  samples o f  
plasma which caused a slow  con traction  of the gu in ea-p ig’s ileum even 
in  the presence o f a histam ine an tagon ist such as mepyramine.
Compound 48/ 80 , in  a dose of 10 ug. in jec ted  in tr a -a r te r ia lly  in to  
the perfused  sk in  preparation of the cat caused the appearance of 160 g. 
histam ine in  the venous e f f lu e n t  (Feldberg and Paton, 195l)» D etectable  
histam ine r e le a se  can be obtained w ith  even sm aller doses o f compound 
48/ 80 , e . g .  1 ug. Compound 48/80 was in je c te d , and 7*7 ug. histamine 
base was c o l le c te d  in  the venous e f f lu e n t .
-  446 -
APPENDIX.
2• B io lo g ic a l a ssay  o f histam ine and 5**hydroxytryptami ,ne«
The apparatus used was the iso la te d  organ bath (Palmer catalogue  
1953) o u tlin ed  in  F ig . 1 .
i )  The t e s t  ob ject in  the case of histam ine was a portion o f the 
term inal ileum  obtained from a gu in ea-p ig . The t e s t  object for  
5-hydroxytryptamine was the d is t a l  rat colon washed out.
i i )  For the g u in ea -p ig ’s ileum preparation the temperature of the 
bath was kept at 35°c > f ° r toe rat colon preparation the bath f lu id  
was a t 24°C•
i i i )  Tyrode so lu tio n  was used as fo llow s  
preparations
Sodium ch lorid e  
Potassium ch loride  
Calcium ch loride  
Dextrose 
Sodium phosphate 
Sodium bicarbonate 
D is t i l l e d  water to
For the ra t colon preparation Gaddum 
fo llo w s :
Sodium ch loride  
Potassium ch loride  
Calcium ch loride  
Dextrose
Sodium bicarbonate 
D is t i l l e d  water to
iv )  in  each case atropine was added to  the inner bath f lu id  when 
performing a ssa y s . 0.2  ml 1:500,000 was the amount commonly used
v ) Histamine and 5-hydroxytryptamine were added by means of a
tu b ercu lin  type syrin ge in  d ilu t io n s  of one in 5* 10 and 20 m illion
d ilu t io n .
fo r  the guinea-p ig ileum
8.0  g.
0.2  g.
0.2  g .
1.0 g.
0.05 g .
1.0 g.
1000 ml.
' s so lu tion  was used as
9 .0  g. 
0.42 g. 
0.03 g.
1.0 g. 
0.2 g.
1000 ml.
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F ig . 1 i l lu s t r a t e s  the o u tlin e  o f the method for b io lo g ic a l
assay  of h istam ine. The guinea-p ig  ileum i s  suspended 
in  Tyrode so lu tio n  to which the drug i s  added. The 
smooth muscle o f the in te s t in a l  s tr ip  contracts and 
a c tiv a te s  a le v er  carrying a w ritin g  p o in t, which 
records the contraction  as a v e r t ic a l  stroke on 
smoked drum.
1 -  fr o n ta l w ritin g  lev er: 2 , 3 , 7  -  in le t ,  c o i l ,  and o u tle t for  
Tyrode so lu tio n : 4 -  heater: 5 “ 18 "bath: 6 -  0^ and CO^  
supply . The gu in ea -p ig ’s ileum is  attached by means of an 
anchoring thread to  the bath and p u lls  on the fro n ta l w riting  
le v e r .
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3 . Estimatkaaof histam ine in  the t is s u e s  (Feldberg & Paton. 1951);
(Feldberg & T a lesn ik , 1953).
The histam ine content o f the in je c te d  portion i s  compared w ith a 
corresponding area on the other limb or other sid e  o f the abdomen or 
in  another anim al.
The sk in  was freed  from the underlying subcutaneous t is s u e ,  and 
a f te r  w eigh ing , cut up in  2 ml. N-HCl/g. sk in , and ground in a mortar 
w ith sand. This process does not f u l ly  macerate the t is s u e .  This i s  achieved  
as fo llo w s :  The p a rtly  macerated t is s u e  i s  transferred  in to  another 
mortar, again  cut up and reground a f te r  the addition  of d i s t i l l e d  water 
(about 10 m l./g .  t i s s u e ) .  The contents are returned to  the o r ig in a l  
mortar, again  ground and brought in to  a f la s k . The mortars are washed 
sev era l tim es w ith sa lin e  so lu tio n  and the washings added to the f la s k ,  
which i s  b o ile d  fo r  a minute or two. The fla sk s  are then stored  in  
the co ld  u n t i l  the assay i s  carried  out (u su a lly  a f te r  24 hours). For 
th is  purpose they are cen tr ifu ged  or f i l t e r e d ,  the residue washed tw ice  
w ith  s a lin e  s o lu t io n , the sipernatant or the f i l t r a t e  re sp ec tiv e ly  and 
the washings mixed, n eu tra lise d  w ith N4NaOH, made up to  a given , 
su ita b le  volume and then assayed fo r  histam ine on the guinea—p ig ’s ileum  
p reparation .
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4 . The experim ental production o f  g a s tr ic  u lc e r  by the in je c t io n  o f  
g a s tr o - to x in . (B olton . 1904« 1908).
G uinea-pigs starved  fo r  24 hours were k i l le d  and the thoracic  
v is c e r a  cut o u t. A cannula was in serted  in to  the thoracic aorta  
and s a lin e  was perfused to  wash out the b lood. The stomach was 
removed, opened and washed. The mucosa was scraped o f f  onto a 
s t e r i l e  p la te  and was then ground down to an emulsion w ith s t e r i l e  
s a l in e .
A fr e sh  f i l t e r e d  ex tra c t was then in jec te d  in to  the ra b b it's  
p er ito n e a l c a v ity ,  4-5 in je c t io n s  being given a t 7 -1 0  day in te r v a ls .  
At the end o f  t h is  time 30-40 ml. blood were obtained from the 
r a b b it 's  ear v e in ,  whipped, cen tr ifu g ed , and used the same day.
10 ml. o f th is  serum were in jec te d  in tra p er ito n ea lly . Within 
24 hours g a s tr ic  le s io n s  could be id e n t if ie d  a t post mortem. There 
was patchy mucosal n ecro sis  a t f i r s t  with the appearance o f punched 
out u lc e r s  a t 24 hours. As a con tro l experiment i t  could be shown 
th at th is  g astro  to x ic  serum had no e f f e c t  in  the rabbit but acted  
only in  the g u in ea -p ig .
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5 . (a ) P erfusion  o f sk in  f la p s  by the method o f Feldberg and Paton (1951^.
An area o f sk in  from the r ig h t hind le g ,  supplied by the 
saphenous artery  was perfused in  the an aesth etised  eat w ith Locke 
s o lu t io n .  A fter  shaving and marking out the area o f skin to be 
i s o la t e d ,  the sk in  was d ivided  w ith a thermocautery by two in c is io n s  
round the r ig h t le g ,  one about 2 cm. below the ingu inal ligam ent, 
the o th er about 2 cm. above the ankle. The two in c is io n s  were 
jo in ed  by a fu rth er  in c is io n  along the la te r a l a sp ect. At the 
border o f the lower c ir c u la r  in c is io n ,  the saphenous vein  was t ie d  
and c u t .  The sk in  was then d issec ted  o f f  from the underlying  
muscles and f a s c ia ,  s ta r t in g  from the lon g itu d in a l in c is io n  and 
working from both s id e s  to  the centre of the p iece of skin where 
the saphenous artery  and v e in  en ter  i t  and leave i t .  Anastomostic 
v e s s e ls  from the p o p lite a l space, the g lu tea l reg ion , and the 
la t e r a l  a sp ect o f the ankle were lig a tu red  and cu t. In addition  a 
few sm aller  v e s s e ls  penetrating  the muscles required lig a tu r e .
In order to  prevent spasm of the saphenous a r ter y , the prepar­
a t io n  throughout the d is se c t io n  was kept warm by radiant heat from 
a bowl f i r e , and drying o f the inner surface of the d issec tio n  skin  
was prevented by repeated flo o d in g  w ith  warmed liq u id  p ara ffin .
The saphenous artery  and vein  up to  the femoral v e s s e ls  were
th en /
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then c a r e fu l ly  is o la t e d .  Because o f the length  o f th is  vascu lar  
trunk, handling the saphenous v e s s e ls  was avoided to  prevent 
spasm, and the saphenous nerve was l e f t  undissected  w ith the 
v e s s e ls  so  th a t i t  gave ad d itio n a l support and p ro tection . A 
len g th  o f fem oral artery  and v e in , w ith the saphenous v e s s e ls ,  
was d is s e c te d  fr e e  by l ig a t in g  and cu ttin g  a l l  s id e  v e s s e ls .  (F ig . 2 ) .  
The d is s e c te d  patch o f sk in  w ith i t s  v e s s e ls  s t i l l  attached to  the 
animal was packed in  warm sa lin e  swabs and kept warm by radiant 
heat fo r  30-60 minutes to  allow  any a r te r ia l spasm to  pass before  
p erfu sion  was s ta r te d .
For the perfusion  the Locke so lu tio n  passes from a reservo ir  
whose h eig h t can be ad ju sted , through a hot water jacket near the 
in je c t io n  cannula, to which i t  i s  connected by a th ick-w alled  
rubber tub ing through which the in je c t io n s  of the histamine lib e ra to rs  
are made. A sm all v e r t ic a l  s id e  arm on the in je c tio n  cannula serves  
to  trap  any bubbles in  the perfusion liq u id . The femoral artery  
below the o r ig in  of the saphenous i s  lig a te d  and cu t, the cannula 
i s  t ie d  in to  the fem oral artery  above the saphenous, perfusion a t  
once s ta r te d , and the femoral artery  divided above the cannula.
Another cannula i s  t ie d  in to  the femoral artery divided above the 
cannula. Another cannula i s  t ie d  in to  the femoral ve in  in  the same 
way above the saphenous fo r  the c o l le c t io n  of the venous e f f lu e n t .
The/
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The e n t ir e  is o la t e d  patch o f sk in  w ith  i t s  cannulated vessels i s  
tra n sferred  to  a p ara ffin  hath warmed up a w ater ja ck et. The skin  
was spread out w ith  i t s  inner surface upwards on a perforated  
immersed c e l lu lo id  platform , so that i t  i s  p o ssib le  to observe 
the washing out o f the blood from the perfused parts of the sk in , 
as w e ll  as the formation o f oedema i f  i t  should occur. The 
p a ra ffin  bath used i s  funnel-shaped, w ith an o u tle t a t the bottom 
so th a t any f lu id  escaping from the skin can be c o l le c te d . I t  
u su a lly  amounts to  a few ml. on ly . Warm water is  kept c ir c u la tin g  
through the water jack et near the in je c t io n  cannula, and through 
th at surrounding the p araffin  bath by an 'a ir  l i f t '  (see  F ig . 3 ) .  
By th is  means the temperature o f the f lu id  perfusing the skin  
and o f  the p a ra ffin  surrounding i t  i s  kept a t about 37 C.
The perfused  pressure i s  adjusted so as to maintain a venous 
outflow  o f 2-4  m l./m in. For th is  purpose the pressure required i s  
u su a lly  about 100 cm.
(b) P erfusion  o f stomach 'in  s itu '  by the author's technique.
The stomach was a lso  perfused w ith  Locke's so lu tio n . A fin e  
polythene or need le cannula was in serted  in to  the la rg est ava ilab le  
branch o f the c o e lia c  a x is  and p osition ed  so that the d irection  of 
flow  took p lace down the l e f t  g a str ic  artery  in to  the body o f the 
stomach. The c o e lia c  a x is  was then t ie d  proximal to the s i t e  of 
cannulation  and the sp len ic  v e s s e ls  interrupted in  th e ir  course 
b y/
-  453 -
F ig . 2
SKIN PERFUSION — PREPARATION
Cannulae
Saphenous nerve, 
artery and vein.
Femoral artery 
and vein tied.
<4
r<S
SKIN FLAP
shows the is o la te d  sk in  fa lp  which i s  perfUsed v ia  i t s  
a r te r ia l  supply, the e f f lu e n t  being c o lle c te d  on the 
venous s id e .
454
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i
Laxl
F ig . 3 i l lu s t r a t e s  the surrounding medium in  which the skin  
f la p  was maintained and shows how an 'a ir - l i f t *  
technique was employed to  maintain the f lu id  c ir c u la tin g  
in  the jacket o f the water hath used in  these experim ents.
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STOMACH PERFUSION
INFLOW
Clamp on = 
Portal vein
OUTFLOW
F ig . L* i l lu s t r a t e s  the method o f  perfusion  of the stomach, 
( I t  was more usual to  do a prelim inary removal o f  
the sp leen ).
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"by removal o f  tlie sp leen ; the hepatic v e s s e l  was a lso  t ie d  a fte r  
i t  had g iven  o f f  i t s  gastroduodenal branch. The pylorus was lig a ted  
and d iv id ed  between lig a tu r e s  w ith a thermocautery between lig a tu r e s .  
The p o r ta l venous drainage was now found to be undergoing marked 
d ilu t io n  w ith  the p erfu sin g  sa lin e  so lu tio n . The animal was then 
e v isc e r a te d  d i s t a l  to  the pylorus, the superior and in fer io r  
m esenteric a r te r ie s  being t ie d .  A polythene or fin d  g lass cannula 
was in se r te d  in to  the superior m esenteric vein  and the portal vein  
was surrounded by a lig a tu r e  or spring clamp operated by a remote 
co n tro l photographic re lea se  ca b le . By compressing the portal vein  
the p erfu sa te  c o l le c te d  as venous e f f lu e n t  from the stomach flowed 
in  reverse  from the cannula in  the superior mesenteric vein  where 
i t  could  be c o l le c te d . (F ig . 4 ) .
Some experim ents w ith  Indian ink v e r if ie d  that the mucosal 
region o f  the body o f the stomach was being perfused s a t is fa c to r i ly .  
The stomach could  a ls o ,  in  some in sta n ces , be perfused a fte r  
sep aration  from surrounding t is s u e s ,  d iv is io n  of the oesophagus 
and in terru p tio n  of the v e s s e ls  mentioned above. Venous perfusate 
was c o l le c t e d  from a polythene cannula and in serted  in  the main 
g a s tr ic  v e in .  The stomach was maintained in  a sim ilar  background 
to  th a t d escr ib ed  in  (a ) above.
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6. E stim ation  o f free  histam ine in  the u rin e.
The D ecalso  method described by Eoberts and Adam was used to  
separate the fr e e  histam ine from the u rin e . Such adsorbents act by 
cation-exchange and are capable of taking up the ions o f organic 
bases from very  d ilu te  so lu t io n s . The syn th etic  z e o l ite  known as 
D ecalso adsorbs only free  histam ine in  th is  pH range 8 -  10. Glass 
columns co n ta in in g  D ecalso were prepared, each column containing  
about 3 gms. o f the z e o l i t e  packed in to  place with a g lass plunger 
to  ach ieve a d en sity  a llow ing  50 ml. of urine to percolate through 
the column in  not le s s  than 1 hour. Each hourly c o lle c t io n  of urine 
was ad ju sted  to  a pH o f 8 , f i l t e r e d  and 50 ml. placed on a Decalso 
column which had p rev io u sly  been moistened by 10 ml. d i s t i l l e d  water. 
Follow ing the u r in e , each column was washed with 25 ml, of normal 
sa lin e  and most of the water removed by 15 ml, absolute a lcohol. The 
free  histam ine was e lu ted  w ith  3 .5  AnalaR ammonium hydroxide, 
fo llow ed  by 50 ml. o f ammoniated chloroform, th is  organic solvent 
carrying the lib e r a te d  histam ine through the column and in to  a 
300 ml. pressure f la s k .  The chloroform ammonia eluate in each f la s t  
was evaporated to  dryness in  a water bath a t 40 C under reduced pressure. 
The s l ig h t  resid u e was then dried  o f f  w ith 10 ml. absolute alcohol 
con ta in in g  3% (v/v) concentrated  HC1 to  n eu tra lise  traces of a lk a li ,  and 
w ith 10 ml, o f ab so lu te a lc o h o l. F in a lly  ex tracts were taken up in  
known volumes of s a l in e ,  th e ir  pH adjusted to  7*5 an<* 'fc^ie histamine 
content estim ated  by b io -a ssa y .
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7• P a th o lo g ica l e f f e c t s  of 5~bydroxytryptamine.
F ollow ing the in fu sio n  of 5-hydroxytryptamine using concentr­
a t io n s  in  the range 5 to  20 ug/min. various changes in  the in tern a l 
organs o f the dogs were observed. The morbid anatony is  as fo llo w s: -  
The opened stomach was found to be pale in i t s  mucosal aspect and 
there was p oo lin g  o f mucus on i t s  su p e r f ic ia l surface. There were 
o cca sio n a l sm all e r o s io n s .
The kidneys when cut across were markedly p a le , but there was 
no evidence o f ischaem ia p a r ticu la r ly  located  in  the .cortex.
The jejunum and ileum  a lso  had a' p a llid  mucosal surface, a 
c h a r a c te r is t ic  fea tu re  was the presence of b ile  sta in in g  as far  as 
the term inal ileum , a fin d in g  which in d ica tes  strong propulsive 
a c t iv i t y  o f the alim entary tr a c t .
The brain showed f a ir ly  c o n s is te n tly  engorgement or even 
d is c r e te  haemorrhages in  the region of the p itu itary  s ta lk  and the 
f lo o r  o f the th ird  v e n tr ic le .  The heart occasionally  showed sub­
endocard ial haemorrhages — th ese  were more numerous on the right
s id e  o f the h ea rt. (See F ig . 5)«
These e f f e c t s  are in  marked contrast to those obtained with 
histam ine in  which (F ig . 6) the general tendency i s  in  en g o rg em en t  
of blood v e s s e l s .
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F i g ,  5 shows t h e  is c h a e m ic  c h a n g es  a f t e r  i n f u s i o n s  o f  5 -h y d r o x y tr y ­
p ta m in e ;  th e  p h o to g ra p h  i l l u s t r a t e s  th e s e  f o r  th e  s to m ach , 
i n t e s t i n e ,  k id n e y s  and  b r a in ;  th e  s p le e n  i s  in c lu d e d  to  show 
how i t  may o c c a s i o n a l l y  b e  fo u n d  t o  be e n g o rg e d . (Compare 
h is ta m in e  e f f e c t s ) .
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F i g .  6 show s th e  e f f e c t s  p ro d u ced  by in f u s io n  o f  h is ta m in e
( f o r  co m p a riso n  w i th  F ig .  5)» The p h o to g ra p h  i l l u s t r a t e s  
th e  e n g o rg e d  s t a t e  o f  th e  stom ach and  th e  m arked v a s c u l a r i t y  
o f  th e  k id n e y s .  The s p le e n  i s  s m a l l e r  an d  sh ru n k e n .
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8 . H is to lo g ic a l  methods.
The su r g ic a l m ateria l was d ea lt  w ith  in  the fo llo w in g  manner. 
Formalin (10$ fo llow ed  hy corro siv e-fo rm o l, or corrosive  formol 
alone were the f ix a t iv e s  used, fo llow ed  by dehydration and p araffin  
embedding (Lendrum, 1951))* S ec tio n s  were sta in ed  by haemalum and 
e o s in , by the Mas son-Fontana s i lv e r  impregnation method and by the 
a lk a lin e  d iazo  method (P earse , 1953) u sin g  N uclear Fast Red S a lt  B 
(Gurr). The la t t e r  s ta in  was found to be p a r tic u la r ly  u s e fu l. The 
d ia g n o sis  o f  argentaffinom a was made both on morphological grounds 
and on the s p e c if ic  s ta in in g  p rop erties  of the c e l l s .
■■MS--
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9* Assay Procedure fo r  5-hydroxyindoleaoetio A cid.
Twenty-four-hour specimens o f urine are c o lle c te d  in to  a b o t t le  
con ta in in g  25 ml. o f g la c ia l  a c e t ic  a c id  and 3 ml. o f  to luene (th e  
5-HIAA disappears rap id ly  from a lk a lin e  u r in e ). A liquots of the 
urine c o l le c te d  in  th is  way can be transm itted  through the post or 
kept in  the ordinary r e fr ig e r a to r  w ithout marked lo s s  o f 5-HIAA.
2 g . sodium ch lo r id e  and 25 ml. e th er  are added to  5 ml. urine 
(which should already be a t pH of about 3) in  a 70 ml. stoppered tube. 
The mixture i s  shaken fo r  1 minute and the two phases are then 
separated  by c e n tr ifu g a tio n . 20 ml. o f the eth er la y er  i s  tran sferred  
to  a 100 ml. Q uickfit f la s k  and evaporated under reduced p ressure. The 
residue i s  taken up in  4 ml. o f d i s t i l l e d  water and a measured volume 
(up to  3 m l.) tran sferred  to  a t e s t  tube fo r  co lo r im etr ic  e stim a tio n .
1 ml. each o f the l - n i t r o s o - 2-naphthol and n i t r i t e  reagents are added 
and the tubes warmed to  55° fo r  5 m inutes. The so lu tio n  i s  then 
ex tracted  with 10 ml. e th y l aceta te  to  remove excess n itroso-n ap hth ol 
and in te r fe r in g  colour given by in d o lea c e tic  a c id . The o p tic a l d en sity  
of the lower layer i s  read (preferab ly  a f te r  ■§ h r .)  a t 540 rau. The 
r e s u lts  are read from a standard curve prepared a t the same time from 
amounts o f the more rea d ily  available 5-hydroxytryptamine crea tin in e  
su lphate equ ivalent (on a 5—hydroxyindole b asis) to  0 .90  ug. 5 —HIAA. 
The/
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The recovery o f 5-HIAA i s  almost q u a n tita t iv e .
R eagents, l-n itr o so -2 -n a p h th o l and n itrou s a c id  as described  by 
U denfriend, Weissbach and Clark (1955)*
The above i s  a m od ification  o f U denfriend1s method ( lo c .  c i t . )  fo r  
the estim a tio n  o f 5~kydroxytryptaraine. ^  d if f e r s  from the author’s 
method fo r  5 -hydroxyindoleacetic a c id  (Udenfriend, T itus and W eissbach, 
1955) i-n r e sp e c ts . In U denfriend's method keto acids are removed 
by 2 ;4 -d in itro=phenylhydrazine and in d o le a c e tic  ac id  by ex tra c tio n  
w ith  chloroform . As keto  acid s are ra re ly  encountered, th is  s tep  i s  
norm ally unnecessary. I t  has been found that the in te r fe r in g  pink 
co lour formed by a reaction  between in d o lea c e tic  acid  and the n i t r i t e  
reagent i s  q u a n tita t iv e ly  removed by the one ex tra c tio n  w ith e th y l 
a c e ta te . As a l l  the ex tra c tio n s  are done in  acid  so lu tio n  ( in  con trast  
to  U denfriend), in  which 5-Hydroxy in  dole ace t i c  acid  i s  r e la t iv e ly  
s ta b le ,  i t  i s  unnecessary to  remove peroxides from the eth er to  prevent 
d estru ctio n  o f 5-H ydroxyindoleacetic a c id . The time taken fo r  the 
procedure i s  le s s  than h a lf  that required fo r  Udenfriend1s .  The mean 
ex cre tio n  of 5-HIAA fo r  11 normal co n tro ls  was 7 *ag*/24 h r . ,  over the  
range 3 .2 -1 3 .7  This agrees w e ll w ith the normal values quoted by
U denfriend. (See F ig . 7)«
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P ig . 7 shows the f u l ly  developed t e s t .
IT = normal 
C = ca rc in o id .
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TABLE 1.
Percentage reco v er ies  of authentio  5-HIAA added 
to  water or u r in e .
Concn. o f added 
5-HIAA ug/m l.
% recovery from 
aqueous so lu tio n
cjo recovery from 
urine
240 103.5 99
80 100 101
70 100 97
40 9 9 ,9 8 ,9 8 ,9 8 ,9 8 -
24 97.5 101
8 88 94.5
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10. CASE REPORTS.
Case 1. A male, aged 53 y ea rs , admitted to  h o sp ita l com plaining o f 
pain in  the rectum and b rea th lessn ess  on exertion  o f 9 months* 
d u ration . The r e c ta l  pain was apparently due to  a f is su r e - in -a n  o 
which had been p rev iou sly  diagnosed and trea ted  elsew here. Up t i l l  
two weeks before adm ission there had been moderate con stip a tio n  for  
which he had used liq u id  p a r a ffin . O ccasional diarrhoea had occurred 
during the two weeks p rior  to  adm ission. Loss o f a p p etite  and lo ss  
of w eight (2 ston es in  9 months) were d e f in it e  fe a tu res . There was 
no h is to ry  o f  su b jec tiv e  or o b jec tiv e  f lu sh in g  a tta ck s .
Examination showed a w e ll-co lo u red  middle-aged male. No skin  
rash was ev id e n t. There was marked oedema o f the a n k le s , but no 
cyan osis or lymph node enlargem ent. The l i v e r ,  hard and nodular, 
was g ro ss ly  en larged , reaching the i l i a c  c r e s t  in  the m id -ax illary  
l in e .  The p u lse , 8o /m in ., was regu lar. B .P . 130/100 mm. Hg.
C lin ic a l assessm ent of the h ea rt, in clu d in g  radiography revealed  no 
abnorm ality. An E.C.G. showed righ t a x is  d ev ia tio n . There was no 
c l in i c a l  evidence o f pulmonary s te n o s is .  Barium meal and enema 
showed rapid progress through the bowel and fa ilu r e  o f the term inal 
ileum  to  f i l l .
At laparotomy (August, 1955 -  Mr. A. B. Kerr) the l iv e r  was 
d isp la y ed /
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d isp layed  r id d led  w ith  sm a ll, p a le , secondary tumours, No gross  
primary tumour could  he f e l t  throughout the length  of the alim entary  
t r a c t ,  g a l l  bladder or pancreas. The only major le s io n  noted , other  
than the l i v e r  tumours, was in  the mesentery o f the sm all bowel near 
i t s  ro o t. This was thought to be a lymphatic secondary though i t  was 
p o ss ib le  th at i t  might represent a primary in  a f ix ed  loop , the 
anatomy o f which had not been d isp layed . H isto lo g ic a l examination  
o f a sm all portion  of the l iv e r  tumour showed an a rg en ta ffin  carcinoma 
( s i lv e r  and diazo s ta in s  were p o s it iv e ) .
The urinary 5-HIAA was 68a and 594 mg./24 h rs. on two occasions  
in  the p ost-o p era tiv e  period .
Case 2. A fem ale, aged 60 y ea rs , admitted to  h o sp ita l complaining o f  
upper abdominal discom fort fo r  the previous 8 months and loosen ess of 
the bowels fo r  3 months. In ad d itio n , she had experienced ‘hot flu sh es ' 
of the face  and neck fo r  2 y ea rs . The a p p etite  had always been good and 
the w eight had been con stan t. Bowel fu n ction  and m ictu rition  had been 
normal. At the menopause 12 years p rev iou sly  there had been flu sh in g  
attack s but these had not been in  evidence fo r  many y ears.
Examination showed a w ell-co lou red  e ld e r ly  fem ale. The pulse was 
regu lar and of normal r a te . B.P. 190/98 mm. Hg. The apex beat was 
rather d if fu s e ,  but the heart sounds were pure. No abnormality of the 
resp ira tory  system was found. A mobile firm  non-tender mass was 
p a lp ab le /
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palpable in  the lower r ig h t abdominal quadrant.
At laparotomy (P rof. I .  Donald and Mr. E. A. Jamieson in  January, 
1955) the p e lv ic  organs were e n t ir e ly  normals sm all post-menopausal 
uterus and o v a r ie s . Loops o f gut which presented were firm ly  adherent 
to  and surrounding a hard tumour occupying the sm all bowel mesentery 
and about the s iz e  o f a ten n is  b a l l .  About 1 fo o t from the caecum
th ere was a sm a ll, firm  tumour of the ileum  causing marked s tr ic tu r e
of the bowel. This was considered to  be a carcinoid  tumour. The
l iv e r  and sp leen  were normal. There was no other secondary involvement 
o f the abdominal con ten ts: no free  f lu id  was presen t. The main tumour 
was considered  not su ita b le  fo r  removal without ex c is in g  too much gu t. 
S id e - to -s id e  sm all bowel anastom osis was carried  out to  short c ir c u it  
the tumour and about 18 inches o f sm all bowel. A sm all b iopsy was 
taken from the mesentery.
H isto lo g y . This wedge o f m aterial was composed la r g e ly  of  
h yalin e fib rou s t is s u e  in f i l t r a te d  by round c e l l s .  At one poin t there  
were f o c i  of c lo s e ly  packed, rounded c e l l s  con ta in ing  granules which 
give a p o s it iv e  s ta in in g  reaction  w ith  s i lv e r  s a l t s  and the d iazo s ta in .  
The appearances were those o f an a rg en ta ffin  carcinoma (c a r c in o id ).
P rogress. Convalescence was uneventful and the p a tien t proceeded 
to  l iv e  a normal e x is te n c e , doing housework and shopping as u su a l. The 
flu sh in g  attacks continued as b efore. They seemed to  be brought on by 
drinking te a , but th is  mechanism was by no means c e r ta in . The tumour 
mass/
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mass was palpably la r g er  in  June and again in  October, 1955. C lin ic a l  
exam ination, in c lu d in g  phonocardiography and electrocard iography, 
revea led  no evidence o f pulmonary s t e n o s is .  Urine samples taken between 
October, 1955> and January, 1956, contained 65, 90, 84 , 63 and 69 mg. 
5-HIAA/24 h rs .
Case 3 . A male, aged 73 y ea rs , adm itted to  h o sp ita l complaining o f  
c o lic k y  pains across the mid-abdomen fo r  the past 7 y ea rs . 'These p a in s, 
accompanied by borborygmi s ta r t in g  on the r igh t s id e  and passing  across  
the um bilicus to  the l e f t  flan k  and back, came on about half-an-hour  
a f te r  a meal and were a sso c ia ted  w ith flu sh in g  of the face  and conjun- 
:c t iv a  and sometimes w ith  a f e e l in g  of fa in tn e s s . The a p p etite  had 
been good and the bowels regu lar. A lo s s  of 2 stones in  w eight had 
occurred in  the la s t  year and a h a lf .  There had been no diarrhoea or 
vom iting and apart from occasion a l n octu ria  no upset o f m ictu rition  
had occurred.
Examination showed an e ld e r ly  male o f normal complexion. A large  
firm  mass was palpable in  the r igh t i l i a c  fo s sa . There was s l ig h t  
overly in g  ten d ern ess. The spleen and l iv e r  v/ere not palpab le. The 
sigm oid colon was f u l l  o f fa e c e s . There was a sm all, r ig h t , in d ir e c t ,  
in g u in a l hern ia . R ectal examination shows moderate p ro sta tic  enlargement 
and b alloon ing  of the term inal rectum. The p u lse , 80/m in ., was regular  
and of good volume. B.P. I85/ 8O ram. Hg. A blowing s y s t o l ic  murmur was 
p resen t/
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presen t a t the apex and the second a o r t ic  sound was accentuated .
There were numerous s ib i la n t  rhonchi over both lower lung lo b es .
Barium meal w ith  fo llo w  through and barium enema showed marked 
narrowing o f the caecum. The ileum  appeared normal.
At laparotomy (Mr. E. G. Gerstenberg in  September, 1955) a tumour 
was found a t the i le o -c a e c a l  junction  incorporating the base o f the 
appendix. The term inal ileum  was d ila te d  and hypertrophied. Enlarged  
firm  glands were present in  the adjacent mesentery, and the greater  
omentum was e x te n s iv e ly  in f i l t r a t e d  by firm , white tumour d ep osits  
varying from 1 to  20 mm. in  diam eter. There was d e f in it e ly  no 
evidence of tumour in  the l iv e r .  R esection  was not p o ss ib le  and an 
ileo -tra n sv erse -co lo sto m y  was performed.
H isto lo g y . Examination of specimen obtained from omentum shows 
in f i l t r a t io n  o f the t is su e  by arg en ta ffin  carcinoma ( s i lv e r  and diazo  
s ta in  p o s it iv e ) .
Urinary 5-HIAA f iv e  days a f te r  operation was 155 mg./24 h rs.
Acute re ten tio n  o f urine developed before another specimen was c o l le c te d .  
A specimen c o lle c te d  by indw elling ca th eter  was h eav ily  in fe c te d . Trans- 
ju reth ra l pouch prostatectom y was performed (Mr. W. S . Mack in  October, 
1955). The 5-HIAA excretion  was 24 mg./24 h rs. The 5-HIAA excretion  
remained between 20 and 30 mg./24 hrs. during the next month. The urine 
specimens throughout were h eavily  in fec ted  and i t  was thought that 5-HIAA 
w as/
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was bein g  destroyed  due to  b a c te r ia l a ction  s in ce  the f lu sh in g  attacks  
continued  as b e fo re . However, urine specimens taken 6 and 7 weeks a fte r  
prostatectom y were c le a r  o f in fe c t io n  and the 5-HIAA excretion  did  not 
return to the i n i t i a l l y  high v a lu e . We are not at the moment able to  
exp la in  th is  drop in  5-HIAA e x cr e tio n , but the case i s  being further  
in v e s t ig a te d .
Case 4» This case has been f u l ly  described by Duncan e t  a l (1955).
He i s  a man o f  23 y e a r s , now under su rv e illa n ce  (Dr. C. D. Anderson) 
in  Glasgow. He i s  con tin u in g  a t h is  work as an e le c tr ic ia n  and 
although the o b jec tiv e  s ig n s  o f pulmonary s te n o s is  and r igh t heart 
s tr a in  are in crea sin g  he remains remarkably w e ll .  The f lu sh  of the 
face  and hands i s  now permanent. Excretion of 5-HIAA on two occasions 
in  December, 1955» was 258 and 269 rag«/24 hrs.
Case 5 . A fem ale, aged 64 y ea rs , was admitted to  h o sp ita l complaining 
of c o lic k y  pains across the abdomen. There were no signs or symptoms 
which, in  r e tr o sp e c t , could be a ttr ib u ted  to  excess 5“HT production.
A t la p a ro to m y  (M r. G. R u s s e l l  Thomson in  H ovem ber, 195^) the 
c l i n i c a l  d i a g n o s i s  o f  s u b a c u te  i n t e s t i n a l  o b s t r u c t i o n  was c o n f irm e d .
A tu m o u r w as c o n s t r i c t i n g  th e  i l e o - c a e c a l  r e g io n  an d  in v a s io n  o f  th e  
l o c a l  lym ph n o d es  a n d  m e s e n te ry ,  m ore d i s t a n t l y ,  was e v i d e n t .  T here 
was no  e v id e n c e  o f  tu m o u r i n  th e  l i v e r .  R e s e c tio n  was n o t  p o s s ib le  
a n d /
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and an ile o -c o lo s to in y  was performed. A sm all biopsy was taken.
H isto lo g y . This was a sm all lymph node showing invasion by an 
a r g e n ta ffin  carcinoma ( s i lv e r  and diazo s ta in s  were stron g ly  p o s it iv e ) .
Recovery was e x c e lle n t  and the p a tien t has remained in  good health  
s in c e . There have been no symptoms suggestive o f increased 5-HT 
p roduction . Urinary 5-HIAA estim ated  in  January, I956, was 43 mg./
24 h r s .
Case 16. A m ale, aged 54 y ea rs , presented as a subacute in te s t in a l  
o b stru ctio n  w ith  a mass in  the r ig h t i l i a c  fo ssa . No symptoms r e fe r ­
a b le  to  e x c e ss iv e  5“HT production had been presen t.
At laparotomy (Mr. R. G. Main in  February, 1953) a chronic i l e o -  
i l e a l  in tu ssu scep tio n  w ith  a yellow  submucous tumour a t the apex was 
found. Local lymph nodes were obviously invaded. A r ig h t he mi-colectomy 
was performed.
H isto lo g y . The specimen co n sisted  of 10 cm. of term inal ileum  
and 14 cm. o f caecum and co lon . A 2 cm. diameter broad based polypoidal 
g o ld en -yellow  tumour was present in  the ileum near the ile o -c a e c a l  
ju n c tio n . P enetration  of the bowel w all had occurred. The appendix 
was not remarkable. Microscopy shows a m orphologically ty p ica l 
a r g e n ta ffin  carcinoma ( s i lv e r  and diazo s ta in s  are p o s it iv e )  penetrating  
the bowel w a ll and present in  the lo c a l lymph nodes.
R ecovery/
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Recovery was good and progress uneventful s in ce  then except for  
anginal a t ta c k s . E.C.Gs su ggest myocardial isehaenda. There i s  no 
evidence o f pulmonary s t e n o s is .  Excretion of 5-HIAA in  December,
1955, was 11.1  mg. / 24 h rs .
Case 17. This p a t ie n t ,  a woman o f 64 y ea rs , f i r s t  reported to  h o sp ita l 
com plaining o f c o lic k y  abdominal pain o f  8 months1 duration. She 
presented  as a subacute in t e s t in a l  obstruction* There were no symptoms 
which might be considered  due to  excess production of 5-HT at that time.
At laparotomy (Mr. J . Scoular Buchanan in  August, 1946) there was 
a firm  tumour c o n s tr ic t in g  the ileum about a foo t from the junction  
w ith  the caecum. Numerous firm  glands extended along the mesenteric 
v e s s e ls  to  the o r ig in  of the superior mesenteric artery . There was 
con sid erab le  hypertrophy and d isten sio n  of the proximal bowel and the 
tumour had obv iou sly  been causing subacute obstruction . R esection of 
the term inal ileum  and caecum was carried  out, and end-to-end anastomosis 
between the ileum  and ascending colon e ffe c te d . I t  was uncertain whether 
a l l  the invaded glands had been removed. There were no obvious liv e r  
m etastases.
H isto lo g y . The tumour proved to  be a ty p ica l argentaffin  carcinoma 
p en etra tin g  the m uscularis of the bowel and present in the lo c a l lymph 
nodes. S i lv e r  and d iazo s ta in s  were p o s it iv e .
P ro g ress: The p a tien t has been seen once a year sin ce the oper—
ration . She continued in  good health  although, in 1953* the liv e r  was 
p a lp a b le /
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palpable but apparently smooth. In 1953 she complained of constipation
but was otherw ise w e l l .  The l iv e r  remained as b efore. In A p ril, 1 9 5 5 , 
s l ig h t  w eight lo s s  was ev ident and a mass was now d e f in ite ly  palpable 
in  the r ig h t  hypochondrium. She complained of con stip ation  assoc ia ted  
la t t e r ly  w ith  nocturnal d iarrhoea. Ba. enema and meal were n ega tive , 
but radiography o f  the l e f t  hip  showed oeieo-arthritic changes and the 
l e f t  femur showed gross changes o f P aget's d isea se . Since A pril,
1955 she com plains o f being weaker than b efore, but ob jective  a s se ss ­
m ent re v e a ls  l i t t l e  change. Estim ations of 5-HIAA were done in  
December, 1955* and January, 1956. The fo llow ing  r e su lts  were obtained -  
17 mg. and 20 mg./2 4  h rs.
Case 18. This p a t ie n t ,  a fem ale, aged 50 years, was f i r s t  seen at 
the O u t-p atien t Department o f the Southern General H osp ita l, Glasgow, in  
October, 1953* Her main com plaints were anorexia, nausea and fa c ia l  
f lu s h in g . Examination revea led  marked weight lo ss  and a rounded mass 
in  the l e f t  upper abdomen. At laparotomy (Mr. W. S i l l a r ,  in November, 
1953) the l i v e r  was seen to  be g ro ssly  enlarged to  a massive yellow ish  
w hite tumour in  the r ig h t lobe and numerous sm aller s im ila r  tumours 
sc a tte r e d  throughout the parenchyma, which was otherwise of normal 
te x tu r e . No primary tumour was found and a biopsy was taken from the 
l i v e r .  This specimen was reported as an anap lastic  carcinoma.
The expected  d e te r io r a tio n  in  the p a tie n t’s condition  did not
ta k e /
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take p la c e . On the con trary , she apparently improved and gained a 
l i t t l e  w eig h t.
In December, 1954* r a d io lo g ic a l examination showed a m etastasis  
in  the r ig h t humerus and the f a c ia l  colouration  was seen to  be more 
in te n s e .
In December, 1955, she su sta ined  fracture of the neck o f the l e f t  
femur; t h is  was apparently a traumatic le s io n  and healing has been slow  
but p ro g ressiv e  a f t e r  n a il in g .  During her stay  in  h osp ita l a d iagnosis  
of m eta sta siz in g  ca rc in o id  was suggested . The previous h isto logy  was 
reviewed but no s p e c i f ic  granules could be demonstrated. On th is  
occasion  the urinary 5“HIAA was shown to  be 160 mg./24 hr. and the 
whole b lood 5-ST conten t was 0 .48  m g./m l. Biopsy of the m etastasis in  
the humerus was done and i t  was shown to  contain  4 nig* 5”HT per g. 
wet t i s s u e .
The f u l l  c l i n i c a l  d e ta i ls  o f th is  ca se , which presents many points 
of in t e r e s t ,  have been published elsew here.
Case 19 . This p a t ie n t ,  a man, aged 58 y ea rs , complained of cough with  
shortness o f breath  on ex er tio n  and attacks of flu sh in g . About 14 years 
e a r l ie r  he had an a tta ck  o f coughing which continued with a production 
of some purulent sputum. He was o f f  work for  three weeks and then f e l t  
w e ll aga in . The cough continued sp orad ica lly  but never became more 
sev ere . Shortness o f breath on exertion  began ju st over two years ago, 
and/
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and from th is  time on he a lso  n o ticed  attacks of f lu sh in g . The 
sh ortn ess of breath  was n o tic e a b le  when he walked u p sta irs and had 
become more severe in  the la s t  few months. He never had attacks a t  
r e s t .  The f lu sh in g  a tta ck s were p a r tic u la r ly  noticed  in  the morning 
a f te r  h is  b reak fast but came a t any time during the day and he would 
even awake a t  n igh t aware o f a f lu s h . The increase in  frequency was 
only gradual and in  the period o f three months before h is death he 
was g e t t in g  between s ix  and tw elve flu sh es a day. On observation  
there were even more minor f lu sh es  which he did not h im self n o tic e .  
V/hile a t f i r s t  the f lu s h  was confined  to h is head and neck, in  the 
la s t  two months, i t  would spread over h is  shoulders and chest and 
down both arms in  a patchy red fa sh io n . The flu sh  was bright red 
w ith  sometimes a b lu ish  t i n t .  At no time was there any red and blue 
m o ttlin g . A major f lu s h  la s te d  about 10 minutes. There was no 
d e f in it e  h is to r y  o f d iarrhoea at any tim e. Ch. examination the s tr ik in g  
fea tu res  were a p erp etu a lly  pink to  red face and neck, s l ig h t  oedema of 
both ankles and brown fr e c k le s  on both sh ins up to  three or four mm. in 
diam eter (s a id  to  have been present only in  the la s t  two years) with  
p u ls a t i le  venous con gestion  in  the neck, up to 3" above the stern a l 
angle ( t h is  was extrem ely v a r ia b le  but did not run p a r a lle l w ith h is  
attack s o f f lu s h in g ) .  The heart s iz e  was d i f f ic u l t  to  determine c l in -  
s ic a l ly ,  b u t/
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but th ere was no movement o f the ch est w a ll. The l e f t  border percussed  
4" out in  the 5th sp ace . The heart sounds were noted to be. p resy sto lic  
g a llo p  rhythm to  the l e f t  o f the sternum at the bottom, and a s y s to lic  
murmur lo u d est a t the apex. The blood pressure varied  between l6o /llO  
and 210/ 130.
An x-ray  o f ch est showed th at the diameter of the heart was a t the 
upper l im it  of normal ( 20/ 10/ 55) .  Chest screening did not suggest the 
presence o f  cor pulm onale. Barium meal w ith fo llow  through showed that 
a con sid erab le  p ortion  o f the barium had f i l l e d  the transverse colon 
in  45 m inutes; no organic abnorm ality seen . Occult blood in  s to o ls  
was n eg a tiv e  on s i x  o cca sio n s . The haemoglobin value varied  between 
90 per cen t and 100 per c e n t , and there were no s ig n if ic a n t  changes in  
the w hite c e l l  count a t any time during th is  period of observation.
On 16th December, 1955» plasma proteins were 6,5 g* per 100 m l., 
albumin 4 *1 , g lo b u lin  2 . 4 , w ith  a normal electrop h oretic  pattern.
The d ia g n o sis  o f a carc in o id  of the ileum with m etastases to  the 
l i v e r  was made by dem onstrating an excess o f 5”k3r(^ :roxyindoleacetic acid  
in  the u r in e: when fo llow ed  d a ily  fo r  some weeks, i t  varied usually  
from 200 to  300 mg. per 24 hours.
Observation during an a tta ck  showed no change in  the pulse rate 
or blood p ressu re , but a d e f in it e  increase in  the rate of resp iration  
accompanied the f lu s h .  I t  was decided to  attempt a p a r tia l hepatectomy 
when/
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when a f i r s t  laparotomy (P ro fesso r  C. G. Hob) ind icated  that the l iv e r
m etastases seemed to  be confined  to  the l e f t  lob e. During the f i r s t  
operation  th ere was d i f f i c u l t y  v/ith the resp ira tion ; in  view o f la te r  
events th is  was probably s ig n if ic a n t .  The bronchospasm then encountered 
was c o n tr o lle d  by am inophylline 0 .7 5  g . intravenously . The anaesthetic  
was n itr o u s  oxide and a ir .
At a second operation  (P ro fessor  C. G. Hob) a s c ite s  was found to  
be presen t and m etastases in  the r igh t lob e , as w e ll as the large mass 
in  the l e f t  lobe o f the l i v e r .  Just a f te r  removing a primary tumour 
from the ileum  the p a tie n t developed severe bronchospasm and r es is ted  
a l l  attem pts a t manual in f la t io n .  Deep ayanosis appeared and the heart 
stopped. Cardiac massage r e s ta r ted  the h eart. Despite BOL (2 brom-d- 
ly s e r g ic  a c id  d iethylam ide) the bronchospasm p ersisted  for  at le a st  
5 m inutes. The p a tie n t  was returned to  the ward w ith a s s is te d  resp iration  
but succumbed 3 days la t e r .
Resume o f post-mortem f in d in g s : Ileum. Four yellow ish  primary
s e s s i l e  ca rc in o id  tumours were found on the antim esenteric border of 
the ileum . No n o tab le  lymph nodes were present in  the mesentery.
L iver. Cue m eta sta sis  was found in  the l e f t  lob e, about 100 mm. in  
diam eter, n e c r o tic  in  the cen tre . Two or three sca ttered  metastases 
up to  10 mm. in  diam eter were found in  the right lo b e , but no other 
m etastases e lsew h ere . Heart. There was a mild degree of right ven tricu lar  
hypertrophy, w ith /
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w ith  moderate tr ic u sp id  s te n o s is  and th icken ing of the chordae. 
Pulmonary v a lv e .  The cusp c lo s e s t  to  the aorta was thickened and 
had a r o l le d  edge. This v a lv e , un like the a o r t ic , was incompetent 
at post-m ortem . No other va lve  or cardiac d efects  noted.
Case 22. This p a t ie n t ,  a woman aged 53, was admitted to the 
Southern General H osp ita l in  I95I (Mr. R. B. W right). She had a 
v i s ib l e  and palpable sw e llin g  in  the r ig h t i l i a c  fo s sa . A right 
hem i-colectom y was performed removing the tumour but glands were 
noted which were too e x te n s iv e ly  involved  to  be excised .
The p a t ie n t  remained w e ll  u n t i l  1957 when she began to  have 
attack s o f f lu s h in g  and in term itten t diarrhoea. She was admitted 
to  h o s p ita l and her urinary 5HIAA was found to be 31.3 mg. S ix  
months la t e r  i t  had r ise n  to  39*7* She received  symptomatic t r e a t -  
:ment. Further readings in  195$ showed le v e ls  of 53 • 2 mg and 
63.4* There are no s ig n s  o f cardiac involvement.
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APPEHDIX.
11. EXTRACTION OF SUBSTANCE P.
The m ateria l used fo r  the preparation of substance P was obtained  
from the "University V eterinary Pathology Department and co n s is te d  
of sm all in te s t in e  and brain from c a t t l e .  Y/hile the in te s t in e  was 
a v a ila b le  in  large enough q u a n tit ie s  to  allow  immediate preparation , 
i t  was necessary  to  c o l le c t  the brains in  a frozen s ta te  u n t i l  the 
r e q u is ite  quantity  had been obtained . The frozen brains were immersed 
in  b o il in g  w ater, s in ce  experience had shown th at thawing at room 
temperature le d  to  a rapid decrease of a c t iv i t y .  The a c tiv e  sub- 
is ta n ces  from brain and in te s t in e  t is s u e  were trea ted  sep arately  
throughout the p u r if ic a t io n  p rocess.
E xtraction  o f the a c tiv e  substance and the i n i t i a l  p u r if ic a tio n  
by p r e c ip ita t io n  w ith  ammonium sulphate v/ere done, in  p r in c ip le ,  
according to  the method reported by Euler ( 1942) .
The t is s u e  was fr e e d  from f a t ,  and cut in p iec es; the in te s t in e s  
were a ls o  rinsed  in  co ld  w ater. E xtraction  was then done a t 100°C 
w ith  2 volumes o f d i s t i l l e d  w ater, a c id if ie d  to  pH 4 w ith hydrochloric  
a c id . The e x tr a c tio n , which la s te d  ten  m inutes, was repeated once.
The pH le v e l  was c a r e fu lly  checked during b o ilin g . A fter f i l t r a t io n  
the f i l t r a t e s  were combined and concentrated in  vacuo a t 25 C u n t i l  
1 ml w as/
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was eq u iv a len t to  10 gm t i s s u e .  To the concentrated  ex tr a c t was then  
added 2 volumes o f 95 per cent e th a n o l. A fter  12 hours a t +3°C, a 
large  q u an tity  o f in a c t iv e  p ro te in s  had p r e c ip ita te d  and was f i l t e r e d  
o f f .  The f i l t r a t e  was concentrated  again in  vacuo, th is  time to  1 ml per 
20 gm t is s u e  and the procedure repeated w ith  3 volumes o f 95 per cent 
eth an o l which p r e c ip ita te d  fu rth er  in a c tiv e  m ateria l. The f i l t r a t e  
was again  concentrated  in  vacuo. To the c le a r  aqueous ex tra c t was 
added, a f te r  ad ju stin g  the pH to  4» ammonium sulphate up to  70 per 
cent sa tu ra tio n  under s t ir r in g .  P rev iously  the ammonium sulphate  
had been coo led  down to  about 0°C. The p r e c ip ita te  was l e f t  to  
develop over n igh t a t +3°C, then f i l t e r e d  o f f ,  c a r e fu lly  pressed  
between f i l t e r  paper, and fu rth er dried  in  vacuo.
This mode o f preparation  y ie ld e d  900,000 u n its  in  300 gm dry 
powder per 100 kg in te s t in e  (3 u n its  per mg). Twenty kilogram s o f  
brain  t is s u e  y ie ld ed  140,000 u n its  in  55 Sm dried  powder(2.5  u n its  
pr m g .).
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APPENDIX.
12. PREPARATION OP GASTRIN (WIN AS, 1945).
I .  E x traction  w ith  HC1. The p y lo r ic  portions o f stomachs from 
r e c e n tly  k i l l e d  p ig s were kept on ic e  and carried  from the s la u g h ter ­
house to  the laboratory w ith in  1 - 2  hours. The stomachs were washed 
lander running tap-w ater and the mucosa removed. I t  was ground in  a 
mincing-machine and then thrown down in to  b o ilin g  N/lO HC1. 200 ml. 
HC1 were used per stomach. A fter  b o ilin g  fo r  15 -  20 minutes the 
m ateria l was l e f t  a t room temperature over n ig h t.
I I .  P r e c ip ita tio n  o f in e r t  m aterial a t pH 3 -  4« The fo llo w in g  day 
the mucosal fragments were removed by f i l t e r in g  through gauze. By 
adding IN HaOH the mixture was brought to  an a c id ity  of pH 3 -  4* A 
p r e c ip ita te  con ta in in g  in er t m aterial was removed by cen tr ifu g in g  fo r  
10 m inutes. Care must be taken not to exceed pH 4* a c tiv e  m ateria l 
then being removed w ith  the in a c t iv e . The cen tr ifu g e  was f i l t e r e d  
through co tton  wool to  remove fa t ty  substances f lo a t in g  on the f lu id .
I I I .  P r e c ip ita tio n  w ith  INaCl. Sodium ch loride was d isso lv ed  in  the 
f i l t r a t e  to  g ive a concentration  of 10^. By adding the same volume of 
sa tu rated  sodium ch lor id e  so lu tio n  a concentration  o f about 20 per cent 
was ob ta ined . A p r e c ip ita te  formed. A fter  1 - 2  hours the m ateria l 
was cen tr ifu ged  a t high speed fo r  about 10 m inutes. The supernatant 
f lu id /
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f lu id  was removed and the sedim ent c o l le c te d  in  a g la s s  v e s s e l .  To  
remove as much w ater as p o ss ib le  the p r e c ip ita te  was cen tr ifu g ed  once 
more fo r  30 m inutes. I t  was then washed sev era l tim es w ith  acetone in  
great e x c e s s .  During th is  procedure the p r e c ip ita te  acquired a ten aciou s  
c o n s is ten cy  and stuck  to  the v e s s e l  w a lls .  The washing had to  be 
repeated u n t i l  th is  co n sisten cy  had q u ite  disappeared and the m ateria l 
had become q u ite  dry and crackled  l ik e  sand aga in st the v e s s e l  w a lls .
IV. Removal o f in e r t  m ateria l by d is so lv in g  in  IN/10 HC1 a t 60°C.
The d ried  N aC 1-precip itate was suspended in  N/lO HC1, 700 ml being used  
fo r  a q u an tity  o f dry m ateria l corresponding to  15 stom achs. DurSng 
frequent s t ir r in g  fo r  30 minutes a t 60°C. considerab le amounts o f  
in a c t iv e  m ateria l went in to  s o lu t io n . The a c t iv e  m ateria l remained 
u n d isso lv ed . I t  was separated from the so lu tio n  by c e n tr ifu g a tio n  
and d is so lv e d  in  1 ,000 ml N/lO HC1 a t 100°. The so lu tio n  was cooled  
to  room temperature and was then brought to  an a c id ity  o f pH 3 -  4 "by 
adding N NaOH. A p r e c ip ita te  formed conta in ing  in er t  m ater ia l, which 
was removed by c e n tr ifu g a tio n .
V. P r e c ip ita tio n  w ith tannic a c id . 5 ml. of a 5 per cent tannic acid  
so lu tio n  per stomach were added'to the c e n tr ifu g a te . A heavy p r e c ip ita te  
appeared, which was separated by cen tr ifu g a tio n  during f iv e  m inutes.
The p r e c ip ita te  was very d i f f i c u l t  to get dry in  acetone. The washing 
had to  be repeated numerous tim es. The m aterial was f in a l ly  washed 
tw ice in  e th er .
V I/
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V I. P r e c ip ita t io n  o f  in e r t  m ateria l a t pH 8 . The d ried  tan n ic  a c id  
p r e c ip ita te  was d is so lv e d  in  a 0 .9^  so lu tio n  o f NaCI a t 40°C. 1 ,000  
ml. s a lin e  were used fo r  an amount o f dry m ateria l corresponding to  
15 stom achs. The s a lin e  had to  "be added su c c e s s iv e ly  under frequent 
s t ir r in g  or otherw ise the m ateria l did  not go in to  s o lu t io n . N NaOH 
was added u n t i l  a pH of 8 was reached. A p r e c ip ita te  formed, which 
a f t e r  ahout an hour was removed hy c e n tr ifu g in g .
V II. I s o e le c t r ic a l  p r e c ip ita t io n  o f a c t iv e  m ateria l. To the c e n t r i -  
sfugate obtained as described  above N HC1 was added. Between a pH of  
4 .0  -  5*5 a p r e c ip ita te  formed con ta in in g  a c t iv e  m ateria l. A fter  
a d ju stin g  the pH to the d esired  value the acid  so lu tio n  was allowed to  
stand a t a temperature of 8 -  10°C. fo r  24 hours. The p r e c ip ita te  was 
then cen tr ifu g ed  o f f ,  washed sev era l tim es in  aceton e, tw ice in  e th e r , 
and d ried  in  a ir .  A complete f lo c c u la t io n  o f the a c t iv e  m aterial was 
obtained a t a pH o f about 4*4* A more s e le c t iv e  p r e c ip ita t io n  was 
obtained  a t a pH of about 5. 0 , the preparations being more a c t iv e .  At 
t h is  pH, however, a lo s s  o f a c tiv e  m aterial up to  50 per cent occurred. 
By adding sm all amounts o f CuSO 1 -  2 mg per 100 ml, most of the 
remaining a c tiv e  m ateria l could be p r ec ip ita ted .
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